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Hd, A, FFTLTT—2FZMELTCELEEHOMEICONT
. SMSEERVEEICERREZZHOHmIXE LTHRL TWL
Y
F9. KLFEKE GHIEA SEFIRATE) TlE, ERESAOX
O—MENFAIOHEESINDTL— FEB - TRYDBREIZA-
TITL— FEBERFAEDOBEICTEEGENSHDIEEZRREL T

(Nakamura et al., 2022, GRL), ZDEETEHIL. BEMETE
BAUW=ERA n—2 3 UERH (Full waveform inversion (FWI))
[2&>T, EBTL—FARAICRELE-RAKICECHERSETHDZ &
N> TE7= (Shiraishi et al., 2025, Marine and Petroleum
Geology), Ff=. RENET—FICEDEMMADHTIKMN S Critical
Taper Theory [C&>THTELE-TL— FERMBOEEREZHSY
HOTL— FERMBRROBEIEFEEMIITIVYEL T L, ZEHR
A—EREAFRLBLINORARAADES (K5 74D TIXE
BREANEHETCEDIERBRHIBELGEo-TWEZEETRLE:
(Flores et al., 2024, GRL), & 5IZ. BT—72 DXEHEEEBEAIC
B 5t b Bottom Simulating Reflector (BSR) A#IZEHT A &
T. BRESHHLLBFBNLEHEBEZRET ILLEDHALEDTSE
1=.

ERRECEHIBEBEEOTHEELA T L— FHBEEEOERICEE
BEEER-LTWAIEY (Kimrua et al., 2022, G3) LARAL
BILOBEE VNV SBETL— N REOMKRFHEENTIED R
RICKELUEEFZE5ITNSI L. TORRBEICAO—HEEH
MNEELTWAAEEMEZEE L~ (Kimura et al., 2024, G3), =
f-. BB S OBBOERE T, AMNSABEDLHAHDR
A—thEFEOAMEBRVNEBEERT LD, TL—FERMTED
AL, TLTRENLUDOBRRICHLEEEZE5 X TWSaREMR LIS
DUNTIEHE LT~ (Arai et al., 2023, Nat. Comm; Arai et al.,
2024, EPS; Arai et al., 2025, PEPS),

FTEBE - BRABETIEZ. XKEMNEHTHEELXEIET 5-0DE
EREZEDS—HT. BEBEZEET -2 PEABERREMMERE
TREVEIME (S—net) BB T— 2 EEALIBIAERREIMY F &
Ht=,

9. FEEE BRBEEHICTKIAALEBETL— FOEREIZE
LTBEBEI0OFELULEICRUKBEBEORBEFREICEI IMELTFLOHE
SN EHERKRLT (Fujie et al. 2023, PEPS), F£f-. HILMED
ERBEOEBRMEDEZEHORIFTET -2 &H—MWERATHEERT
5T, BEBAEOMTHEEDEME & EFTEORBEMSEICD
WTRFEMIZEIE L (Qin et al., 2022, EPSL), &5z, BARE
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- EEHEYICEOCHEREREFE
D & EEBIEHA~DEA
ZICHYHED,

T, UELOHAE - BRAM T LN
TR EEHMICETL. HERETOR
EBEEICFEAIMRLLT, B, ALK
ik, BREE~NERT B,

BISEAATCEMOARKEETL— FELOHBEORYE M
ARTEARAHFDOHEFENT E LER L= (Nakamura et al.,
2023, PEPS), COMRIIAARMEZEDH/IXEEZZTE LT,

FEBRICBWLTIE., IAHAADBEITL—FOBRKERO—HE
AEOREREET—RICEDEHEMBLIZA (Yamaguchi et al.,
2024, GRL), 7242 —54 XHEBEMHE< Yy TEEHL (No et al.,
2024, EPS), FNICEDICER I aL—avE@BLENY—F
i+ 4T >71= (Baba et al., 2024, EPS),

Snet T—HIE., /A XREHRZAVW-HBEEBEEDOHENT®
(Tonegawa et al., 2022, JGR). ZththZED L o —/\—Ek%= AL
1=I5 15 #EMT (Tonegawa et al., 2024, EPS) #& L T. T D
EOENISOBRMEIEDRBIZEZ S ENIN>TE .

MEERZSIERITIZHODEHEBNADMTIEEREBIZE T
X, BEONETOBEZEEMRICE DRI/ ERRLIZIZ
M (Sato et al., 2023, Island Arc). KEhthER KK ELEIZ
EBCL-SMoFRELEMEDREEXZIT. BERAEEHAVE
HEDEREIEEZBEL-EBEFEEHALLE. W1 EOMIC7EHD
2 - BTSN EER L,

FICEKREE., TEBEREICETSRIBOMWEREBEEINTIRS
n-#EREN S OHBRIICERY AL, BEAREZE>TEHS
LEDhEEBELIE X B7- (Kanamatsu et al., 2023, PEPS) A A
BEICBEVLDTIXIO 7o) FELTERL-EHOERRH %
AWT, hBICERIA-2—ESA/ FOEREZHBRITEZEZFA
LTEHLE:, TEBEBIRERAENEATLEWEBETH -1
H, HEHARY FEBEBOBYBEIRET 2-HEEDREREE
WEWEEREA S HEHERZ T VVRE 14 EROMBEHEDT-,

FEFNST7OARBARI AICMA., AhREAESIZEEIER
1R, BEEAD 74 N—F 1 ROBEKE L DONET ##itZ1T
L, BEMBBREBOY7ILE A LERAZEIE L. BENGBRAET
2TW%, IRBAIR S RICK DBABROE~DEHNLGHREZE
g oL Ebic, ZBR oK YRBYFENRELEGZRICIE, BE
ERMET - BEXID 74 N\—FHAFOBRABRESHEICHETED
SO BAEENHRERIEESN-, SH2F 12 AN FHMIE1AIC
RREZICETAIXRBELGD > YRBYRERICIE, FLRERIRISHD
Z. FrICRELE-BREERGFOT—2Z268bE. o< YBEYD
HELEY DA - BEZEEICOVLWTHHZTL. HhEAERESR
[CHEZEREL TL D,

RERHHICHRESNT-ARAIMAICMA., KFKEHRIC T5E
51 TRELEREMARBASATLATHASKDARRBEEKES
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LTINFETICHECTRESIALMESR

EBETILEEREELEL. ThALGETIL
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X, EBEEDHE - ZEBEZTEECEKET

MD-HDIEHRE L TIRHET D EEBIZ,
(4) L1 BELTHE~NERREET

5

EROREBECEBREZDT

FUHARXE T 7AN—FEBRAKREKRTEE NS 7RAVOHEC
B9 SRR - MEREZES~DIRHEZMABLIZ, £, §
fneE8ASHICHMEMN. 1 thENFEAELZLIZHES. B M
B OHMERFER ITBVWTIE, SRTEENS 7AVDME
ICEAT AEHERERIC. UTLEAALOARBAT—2 06 o<
YiBY DOREE. BELGEL - EES/MERICEBDOONAGNI LR
wmELFRINT,

DI—JUS4F—RUBEBRMZAVTRONIZBEMREE
HAT—2DBAERZTHNICHERETZES~HRE L. Hitih
ARFEFHMEORDEBOITMICTRIM L 7=,

FTI3—5A4A AMEMBY Y EVIHERRVEKRKNT— FEE
MiEREMERNEAREERRORERFTET=CHRE LIz, $F06
FRREFBMEZDEBHAETEHRIOK T OKNRF 2HFNERESR
BRICHELEEN, T BBE (BIR) OBKREBELGETIHLR
& L1,
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TAARG, BEOEENS JHEDTRY &
E 1707 EO”ELRIZCOWTHET S ELEL
2. ERTFHEBREZEBEALEZSD ZATHRAED
EEREDHEEZIT 2=, 512, KHMEF®D
VEEEELLED b EOREMELDITMErR
BrRSTICEALK,

EEFAITIE, Al BT Z2EFALAEFAF
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Thd_EtxrLT-,

mEHEDONERBRAS, TL—FERDE
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5. PREBOEESEECEMASMIZDONTH:
HHENT LT,

REBFMOEREZTES TOERKEEIZES
WTEBLELEZ=ZRTHTHEEETIL (ver. 1)
FHREITDHEEBIT, BHRGTRAENERTEER
WMTHEEETILOBEICAGTE-EHEAVEHRD
BiE%RE - 7Oz ) MEREZBFEZ T, B
EEREBBEBROTO NI 4 THEIZEFL.,
ENXES (MEFAEMEHLERIHREE LM
HERUBTHEEETILRFSRES) THRHL
LIz, . BB FNS JOMTHEERAETDRK
BRI, XEHEFEILSDZIEMRE MPHEFEIC
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EEMNS DTRELEDPHOCYBYDEILD
THRIZTHESBERARMECEBRRBMEBOES
. REZTEB L, 7AVOMEIZET S
RS LMEREAREEATMEREZTER
ICERA®RETSAEEEIC, BEETELELIRADS
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FEHIZCDOWTHEL=, S5, §T164E8 A
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mE LD M EMBERICEEL., BERIC
HMBREHNE SN ENEDREEITo 1=,
R TA R TLAZRAVERLEIEZ#E
L. ABCH T 2HERCHIBOERREIC
BAKFABRIBOTERTH D Z &E0FERE
EFRABRZILRILZKENTOFEEROER
REISEATRETHIE, £1-. ZROKRE
BREFANAEERREICE-TEETHE L%
BRI LT=,
BERZHURS M) EORTHREMKOEE
BHED1D2TH YA FMUEHTIME TEE]
REAHMETOSS LT, ENTS EEHMH
EEFTMOY—I/ILEFBRL S 2 L—2(CHEE
L. Fa— b U TZILEZITELEDIELEMNR
ENLGHTEEETILCORAHMEHNHESZ
EEL. ZEEREZT o,
AFBEOERMEICIEX., XHERFEAZERAE (F
KAKICET @B LN I7MEREAE IS
T k] (SH2EEHLISSERM). XERFAE
WHEEE TEE] RERAEMETOR T S L
[TREBBIES I aL—YavItLbhERE
MoHEE - thRIEEIME TOREN TR
ATLDEBELEZTOHEEE) (FH2EEMS
3EM). HAEREE S TEXBEHOE-ODOAT
OFICLBMBAA—C VT FEDORRKESE
DEA] (FMAEEEXTTSERM) FDHEHES
*EBLTEBELTWS, . TEE] 7O
TV FOFE#REZE - FTEHMZURREZHEN
BRRIZDOEF S, SHIEENLEFEIRS
EREMEEMEEEERE A (CHT5HES
1HiRE (Slow-to-Fast #1EF) OETI - Tl
I, #4EPEICNA o 1=,
THRHERICET 2mENS JHERAEMRE
TRy b ICE, KREODLELDZTL
—FERDEE - TRYDENFZORAERE
AELTHEROY FZFILEA LB AT A
REGARD ZH(ZEEINIZMERBARFILEENT
L3,
BREERTARFEDDIFEEEIRE ZHE




EFRBIZIE 2021 £EEZE TIZ.
BB AT LA, AR - BA. £
BRIck-TEBONT—2ZFAWE=
RETMEREFTEEETILOBE

BELE 2D AEICE DK =ZAT P KEEEBEETILETILF NS
A—AEL., ZRTHMTHEESETIL (ver.1) ZHEETBHELEEIZ,
P REHFEBZEOERY TSEDETIVEE - BEMNREOREHS
(FT—REHOEFAESE) ITOOWVTCTHEZEE - RitL. BOE
BE (MEREMEHERSARENTIMTER VB TEEETILR
HofE) ICEWTIRE L=,

SE-XMTHEETIL (BEES3D ETI) TOMRERDOT
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U, ZOT T, EZ+ TR - EFOR
KICEMTHIELZBMEL T, EEBHREHE
BHEROT—2 PR EE - BRTEHORE -
BET—A%2ILOEL-RAEBAT—2DF
FRICEKIHBFTAZEOHERRE L HEELE.
NLICHELRRAERAIO-——XEFBERI-H
MAREHEETERT S=HDIRI T+ —R
FOM2EEIZIAL B EIT, MEEANChETL
FIZEICHAL THRAREEDSAERH T,
RARZEH TS,

EKEF~NORPARNBRA AT LEZRAL
-mAB b2 UEYSBIERTEOHE
I2hl->TlE. #ERIZTOS Y FSEEM
CERINSEHMEROERATZHEEL, &
HMICERHEE. BERHEZT oz, £z,
RER > X T LEF - RECOVTIE. BN
EHENMNOCHDAVATLEFHEZESTRE
L. PRT L. SREHE. fARER. FE
BRIE#EAHIMEEZRLIz, Chiz2kY, 7
O z) FSEENORANLLIHEDEBLE
B, SDATLOREMFMZEDHDZEMNTSE
1=,

MERAEMRHEELRT. [ET. BERRT
L, EfMREDIRECHKEBROEERE.
RIMRFEDZHNZ=EL T, THNICHKRZHRE
LTHEY., WADEME. AERREDHEELE -
T bHLBIEDRETEEDT-,

P REGEOEREZBE L THRZMET S
=&, BRSO KE - SR, B8 S8
FLOEEICHITEHBEBEOXRAR 6L -
HedELblc, NEBEELTRO Y FOEH
FEOEER. dRPFEOTOC Y FIIE
RICHKRDOBIE - RIENTET,




- MEREFICE T HHMBRIEBOLEIK
ROBELEFADODT—2REIELF
EDEREL

CEBEMITRYE, hELUSNDERREE
BEEBELz. MIBEEHETR R
TLDEEIL

FITHRY HED,

THIC,. ChoDEBRREBFER
2025 EEF TIZ.
ERTHMEREHMTEEETILOS

Eiké. ARETILERAW-HED R

5. WEROGE. EROREFDR

BRICEATSAIIalL—rarve, #

REBD T — 2 BT D EE

—VBBSA TS EHEELT (Hori et al., 2021, EPS), &Rt
FaAaUTAAITUORNEDREEIZE>TY T4 FETOLARH
NENTWLWEA, ARRICERNOHEEIZE>T, TL—FER
TOTARY - ABEIFOHEITERAINLZENHFTES,

FURESOEMARICEIVTIL— MERTOEBKEDH
EHELCEZEBHE=R2V U ITHVRATLEHEL. EBLMEREMN
BRZEMIB L, MER - MREROIT Y DMEMERMICKLE
e ZRFHEET H2FER. BF - INYDMDFENSZEZEDT
HETHAFEZRELTCET—2~DERZEITo=, SH&. BEL
V- VEBSA TS )OBN AT LAERAV-TL— FEE -
FTARYQBRRFM D= MBRES T — 2 BITATHN S Z &EAHIF
Ehd, £, TL— FHOERE - $NYKEBORKBEZ, ET
IWREPHAREZEDELADERICLHTENS L O TIEREICHE
EYHENTREICLDEHFTE D,

RHARNEAEZE® DONET THRA SN O—HEFEICEEY
5T —5 EEIFEE - BiTL. RMBERKMECRO—R) v T
ARV FORFEICONTOHFLHEZHRIERT HELEDIC,
RREMRHEEAMOMBEREZERCRRTORE S5 7H0\D
WERICE Y SR R ICENRRICERE T S ZBH L 1=,

FABrSOHERRELIEZBEBIANYICKDFROZEICDOL
T, BEOBEMTANYERFRICESVTHAELEZ. TXTOEER
I NYMNFELRREMET 20T TEAC EMHE TORER
FTRYICEDERIARELGRS LGB DTRHEICEET S LEEE
ISR LEz (53 - fth, 2021, shBRFR), BIFZR TR R T LA
DEREZEHELTCRRABIMFLEEBEL, REBTERGER
BEEELLTDHBE,. EREBEIRIKERTESHEBE IS LEHL
MIZL7z (Imai et al., 2022, APPL SGI-BASEL),

FEEFS VESOCHEETHTOREEEZIMY AN-ERERET
JLEBEL, B 19 £, BN 21 FOmtE (BAUEEshE. B
MREHE) ICK2AEMBADGHEFTOHELZERREL, KR
FERNNDEETHRRL., BXHAEIREz (Hashima et al.,
2024, EPS), 1. ABEOETILEZRHWLT., HEEMNOHEZIY
ANF-EEFEB LS JHMEICKAMBEHICOLNTOBTEITL.
MAROLRS T TOEMEMERBORBATREMEIC DLV TORETEITL.
MXAHRENT- (Murakami et al., 2024, EPS), BBk S £EE L
@A TFEERFEZEB NS JOBEBSHIERT HITH=Y.
3D A EBWUETILEHFLICEALE-FAEZRXERLE
(Raymundo et al., 2024, JGR),
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- EHIICKBEMEY Y TILERWN:A
FPERERICEOLC. HEEFHO HZE
BREODETIVIE

- T—ARILEFEEAVETL—ERE
IREDHR TR OFRIT

W ERRE LT DONET SBEKEETD) 7IL R A LAWEERHE L.
BERVBEMBENZE-F I TH5HHEHL L, BT
T 2% (JCOPE) [CEDLBHEBEIOE T ZHRILNE A SIC
YERALE, £z, EHFETOBRYRLEET LHZHPHKYBEYDS
5. RBEICERTAARY FO#BREREANEN > ZHENHY . TD
AANZRXRLIZOVWTEBEEFHICKDNMLBERNELDFZELFTML
7= (Ariyoshi et al., 2024, Tectonophys.),

MERGEBEZSHREERFTT IRRERERELNBRERE
O—F (Ewave FEM) ZARAW-HEFS JEXRMEIC L S REAHHE
BitEE EEI TAL. FRBEERFOA Y a4 XITFALE:
HERROBRESEMET oz, MERUVEREMNLMBEEZEAE
hE-H#AaLith T#HEDT T, Ewave FEM LA EHICFEHATL
SERENETCRAHMETHEZERL. MFEDRIEZITo
f=c B M TRVODEXRMEEZRRE LT, SHRGHWERS T U A
FEBELE-ERETILEID AYERBEICEZA-Z2HORRASME
BitEE [EE] TEHRTSEEBIC. EOFVADENSAERY
MEBICEZ SFEENHT LTz, F£1=. Ewave FEM ZRAVzge&EF
SEMEICLXAIRAHPMEHHFHESLZ (EE] TITL. ERIETOR
BT REMCEEEEZRE Lz (WK - th, 2024, BAREEZSR),

BELFSD - JL—FEREFERL-HEXBOAEERNMS.
RIWASR - AAT 34 FOFRBERBENEE S 7RO
—hEOELAICEESELTWDAEEE F R L= (Okuda et al.,
2023, JGR), F1=. BFEFEHTDOEBEIL— FMERBED IR Y
HEZERTIERORERFENTA—FOERMABETILERIEBL
1=,

IODP {EHI TR EN-ER 27 ZAV-IEEHIER NFEEBROHKR
FRELT. BHIBICEABRRELABEHTE I IFEFRARLLE:

(Tanimoto et al. 2024, Sci. Rep.), F£f-. FOFEFEZAHILT
JIRACK fiiiiE T T L— MERMBH D RERT T o1,

BREONZMBLEHEAT -2 & D ETILOMEREY AL
DZal—LarvDMBREST—F FLE - FEETASHEBFRAX
TLOTOLSA TERBEL., FRORTEMET S ELEEIZ,
Fa)TAAVIVTULNERBFALBEROY—/ERKR) O—D
THEADKIEEEDT-, £f-. DONET OEHETELNEBEKTE
NDEFEHEZHBFEERTEIL—FUoZEAL, #H#BFRALATLAIC
AR T=-ODEREHEDT-,

HEFACAVWIHEREYAVIILETIILOZYMEME LT,
M9 RIBRDERE - TRYVIKENNMEY RLIMENSHESINSZEDE
AW THBZ L ERLT- (Nakata et al., 2023, PEPS),
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- KB R R FORFRME & D
BAICKYSELL-AREZREET
AR T LOREEE

FICHMYHET,

T, ChblCRYBTL I EITRY.,
WE - FEOREBEOEMRLZDOTA
ZEDH. FoNHMERVT—2 2E.
EREEFANRET S,

HEEISEFETEDR3D ETILERAV-ESE S JHESFEN
BOTL— FEBREBFAOKERRZTV., @BRETODLY
FPORRBESRFTRRLE: (RRETOD Y MREETAR),

oK YRBRYDREDRPIC, BENSA—2ZT—FI2E&hYE
THRELCLTIEBTFAFEEZAEL. SRKEORHANP > YRF
YDET—ZIZHEALT (Kano et al., 2024, EPS),

HMERNEBHREONEBICEBEL T, BIFERFTRA AT LIZEWN
T. BEHICBIT52ERYMER) RV ZAIRIETES L5112, VR T
LA A=D1 —RADHBBEET21ze COHREBIZKY. BEHILLD
IEREBICET SRR MAIgEE Aoz, Al BT ZEFRLIZER
FRDOEEEMSEIZDNT, BIAAKFFICHITHHEEBHE (Snet) %
FIAL THREZIT o=, Al BT ZEA LT RFEDO M EETM & 53
BB DWL THET L= (Wang et al., 2023, EPS).

BREFSEEFMRALLERFRAOAEEICONT., FEEHAIRE
(DONET), #7534 VKEBRA L ZRFARKEEHAEHLE TR Z1T
o2fz, FMA4E (2022 F) FPUHEBEBMEEDARY FEFALTT
B L-ER. REXB/NIMEICESL00. FREEN
LIRBETHELBENDERERIIEECLRBHETESZ LA 0h -
= (fE@ - b, 2023, T KRELKHXXE),

UTZIILEA A LGERZKEREFAL-EEERICET 2K LIIEE
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ERBEFRAIIT—2EMEAERATIEETHS Z L EF R LTz (Wang et
al., 2024, Ocean Eng.),
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T L7T= (Wang et al., 2024, SRL),
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(fFf24 11 B 26 B) ICEHREH I, LEEFSBIEL L TEE
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AR EICET 2mE S 7THBEREAR IO LY b OFER
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MAXAEICET 5B LS 7HBEREAR IOV b I2H
WTHENEDONTLWSIBEHRRREVATLALRAE LR i
ETPOREEBEHREETELODVRAT L, BEEF - TRYDKZE
FMECEHMBERIRYDEBEEDFEIRVERRESATL, &
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7RV ORICEY SRR - RFAERREERDHEH
EZEREMICRYRAHDSELSIZLT, FH6E3 AN LDOMERH
IRICEM L=, RMI6FE8ASHNHREMETEE ~5 7 HEER
FiEHR GRED) PERFSATLLIHOKRRTEE S 7R DH
BRI T AHERFRICENT, RPANSINR (BRHFEIR. &£
FKEF1R) T, P2 YFY DRBFDRELEENHERIC
RBOONENZEZ)TLEALBRT—2 THREL., BELT,
T, BAFNCEFETERP - CYBYNRELTEY., HA
HBRICE > THERESINELOTREENI EB|EL =,

HHBI—76

T REIGEICA > TEBAMUICEIT 2/EE
WMERZHEOHEYELMHEORE, D E
L. KILOFEBEREEFRICEICEAL THE
BREZEIH L, BRALTSIZTONTIX, B
LWTFSBRAESZITIEBBELERAD L
TRITORRIBIES, BEAELZ LTERL
ZABVWHHMREET. BEREBAERILIZAL
TORLUDKZERMEHETILZAD TIRE




CT. AEETIK, HIKEBFEEM 5
Ew O] FERAVBFEAZHEL.
BEXUEBOHA. AE. hEHAND
REAFICL > TEHERE. BEDEK
BAFOHRRERLET 5. Ff=. Boh
=T —2PHMEERAVTHBRREEE®
MEONZFZHEEL. KILFEEBZEXE
¥ HMBRAEIRAECIRILF—DERE
B, vIOTHieotEAEE, BEADOK
WA J A—/NILIRRIEE TRAT 5.

HERB—T7

- FENERBEIZCDOWTIX, EEDLI -
TWENSE-RXEAVICELT., FBHNAEE
RKIUTHBIZEZWOTERIELE, BZETIX
MENLAETAENIS, ITTDFEIRTDHE
BEHLMZLE, S5 EEICERNICEL
FIERBLOESIC L CERAAEEEHEL.
REDKIEBIDEREEFEA L 1=,

BEHMUEE=ZR) T T EHEHOHLLE
MELT, RT7AN—4,5—TILEAVHE
BRSNS, FOT7+ o ERAW KPR EFRER D
REEHED., EARBICESZETTED, X
NoRETE2BENGEE T /N — FFHC
BYHAERBAEYIaAL—YavE, T—4Y
ATVREFERALERLUMARICELTELEEZHD
BRZBIH L1,

FAZEDOMGEMLTRAEORE. F-ITHEBEAL
EREZFDOXNLES. BFREBLORIFED
BREZMNUBXFIAERSOXNUFAEREH
ERDEEOKBEICHRE Lz, BEALASOXL
MEICEHTAIINETCORENTFHESINAT,
ISR LI NURAERERHEEARBOILSE £IF
TR LBEMEELNREICERIND LG L. [
AEOFEICEZEMICER L =,

BIFBEBILORREMNGEETHIINTIRENAE
. BEEMNLGNT—FARYS 5 MIUESICH
LTHBMICHIEL., MREXEOHEICIEEMN
[2#R&E L 1=,

BLRET. EEBRMKREMER. [ET.
BEFARGT. ERAREHEREFRZEILHE
LE-EHOXRERE. RUERMEODBAKL
HEMAEEZEEL,. BON=MREIZOVNTIER
RPOHF TORRERET o1z, . BHE
KUARICET ST M) —FEFEHEL T, —
BAITOFRBECEERITORE, BEHREIC
KO ERRDBNELEEBMICED., EEH X
Wiz 9320755 —0RLEICKESCEBL
1=,

hR#FFEOO—FKTy FIZDo&Y, Y
B—, TIL—TOEECEOHEAEEZREZIC
AT, TOHRTOERAREBEDKREIZHELL T
MEELEBHZEEBELz, BEMEHIDLETH-I:-




BRI 2021 FEFE TIC,

- BABBHACRTLLBESAMS
EHAEOELBEALERS R T A
DFF

- BAERKREDOHILTSEFEZHRE
LEBERE. KILAEDBERE. &
A ORI

- KULGESOBRRBIELELE T T I 0ORED
ERHALEXNICESIBERVUEANDE
RICEOVWTH LN BENUEEHO
FHICETHAT—2ARUVHMEROERYV
REEABRHE~DRE

FITHRY HED,

DI—D0054 =2 &5 BEAUEBEANLEEDHABERICK
WL, Y—AA FIZ&BAZERLFEHT—FDIREERB L=,

BEMEERZLFNBEBEOEBRER A TLON FO T4y
TFLABRAREZFALELEENLEHORKICEIIL, BEICHIT
PEHBERCATLERAOKRETLREL L o= (Metz, 2022,
AST)

AZETRO—VICkbERE AW¢%1MEI&%L > (0)
T—AREHEEEFALT. FO—CT—4nolZzZEMTORIE
BEEXBASANIZL (Tada et al., 2021, EPS). ZDRERIEE < 5f
éhsizmlﬁbfijUU Zéhto

RERBENILTSTREICREE-HEEMNEBEFTTHR NLUE
BOBEREE-EEMALEEL. hE - 5/ - ERIEENT Io—F
CHE - hERYEBEZNT O —FEEEIEL-HERAEERL
fzo TOHRE. BEO2EOHEBHMKREN (975 5000 F7jL
7,300 F§) 51T LEYIVFHOERENEHASA, BHE
[X. ROBBHPREXIZWN - 5EHEBENET LTS EAEL
Mo 1=,

Frz. BREBEANLTSEABOBREFEEEST—JILERAL:z DAS ®
HERSEAZTVD., DLTSABICKERTOERAZOTICENTYS
—Fa—F1Hho2DHMECKRBICEIIL. BEXKLUEEDUTIL
BALEZRY) VI DEBRICAT-RELEENEONT,

SH2EORZEDKRFEMUEXICH LT, HEIMNER ZEHR
L. BZENRBEETAIECPNUKRDOFERIZHKII LIz, ZDIEE
HERT—2DOBEZEBICE TR 2EOREMENTIEEAORE
B~IAHREERWUWATI I LEBEDTAHA I ITIEXREICER
LN E—FILEBRUFEE TH>I=C EEFBALMZ LTz, £,
SEOFER 25 FLIEOBZ EEAEHICET IHAEAETORREELL
T. REOIITIDHELLETILOCEEDEFHETILEIREL-.
(Maeno et al., 2021, FES)

SHIFEDNEMER/ZDEENUEXRICEVWTKEDEGMNE
H-EZBRLEECEZZITT, #BMATL L TEROER - 2%

HHRB]—T78

BHERMENLEHICH L THLHAETEEZFZRERIC
AL, THLDEEEFHREFEOIAHNAE
[CEDESIROAVLER S, TOHERE,
BEHNMLEHICETIHMRE. E=2UUIF
EICET AEMAR. T2 YA TR EER
LEBRERFHOCHBKANSAEETCIHOE
BLUERRORBIHIZ DA ST,




ThlT, ChoDEBKRREZEFR
2025 FEF TIC,
- FE - NERIMFOBENLUICE TS
BIECKILER S X T LAZRAW=LE
BOBRIEE

Tofze TORREL T, BER/BAXUNBHRHUBEXICE ST
AH=ZXLHBASMZAEY (Yoshida et al., 2022, Island Arc).
WX, FR, TULREREZEETL. 7O M) —FEFBHLEEMICIT
>1=,

NoDHMRFIETOXNUBNFHMEREAREL-, TDF
FAHE SN T, BEAEENNUEXNFTIERESORAESDR
BlIZEmIh, BHAXNUOMERROREZMB LIz, BEAILT
SHMEBICETAEFHRHETEDERMAELZED. HRATDOKR
FEDRFABRKROBEHITERASIN, BERETTLIEEBH XL
BAT—2=HEBL., BEHOKK - BKICEM Lz, RERKEHE
MEFRZFILCLHELT, REPMBOEMHEDOHEFEMEZXEL T, &
BALEEIDIRE - FRAICET ST —2RUVMREZRE L1,

KWWK (777F) REFEEDKLUEXNSFHEROKLKE) X
VEFET HIEBLELGLIERTHLH-0. RFOT—2RFHREZE
FRALT. BRFAEOXNLUK (773) SHOMBKIEZET—2D5
BEEREKL - BETIOSBERETDIIORATLEREL, Fi-.
ERANDOXEEEDILFEMEET—2ZF0Ca2 /1 )LL. BERAX
IWRICBI L TIEMEHE DT —IR—REER L 1=,

MK ERKONEEFATHSIA U Lo v TBEOREACLZEDT
BOITY MLAAFETHVRICHATIMET. XKELEELDHY
(Isse et al., 2021, Comm. Earth Env.: Obayashi et al., 2021,
Sci. Rep.). ZDRERIREEIZM (F71= [10DP & *BHIREELNZOH LN
1=.

TR EREREEITEICE DT, ERT -2 ZHEBHEFL. X
EEBXRIMTFTTY MILORESMEBASMNZ LT (Iwamori et al.,
JGR, 2021),

FLELTHFEENMERMDORLUIZH LT, EFHFORILDOSEE N
DEEEEDH S KIUDTKIEIED-HDRAEME. EHAXUEFE=
RNV TSTBEODIRATLORAKE. RUKLEERICIYRET S
BAEMNSIEEIINYT—FFEZT oz ChAODABOHELDL
wBon-MmRZEOHEEFCHRE L1,

SHSE 10 BICEEBREBETRELME - BRZRITT. B2
BEMBEEREL-, HELERORERNMEIFELTED NILUEE
ThHd Lz, BEMBABTLEE I aL—YarvhoBHomc
L. ERBLUOPRIFIZCEEALTSNUOFEEZHERRL =

(Fujiiwara et al., 2024, Geophysical Research Letters)., &+
. IEmELUMNCEBY 7 MIESBEH TREL-WEXERDE
AICERAIL., EFHORTEMAITOBIMNSIEREULEZEASES
JI7RIZR2TEKY BB TY I TEAHo-al6EEZFRL T

(Obana et al., 2025(ENmId), Earth Plantes Space), cth o d
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- MG EIERE - BAIDORE.

e

DEBDRUIFICEYEBFE SR
ZERALE. BRSO RLOPREE

RAaFEmMEBETHEONT—ANLBON-HMEEZ. [RETXNLUE
KFPEERE~ARE Lz, /-, SN EEICIIIERELULUFRILITE
EIFEE - EREHEREORERAEMBEZERL 1=,

NA FABTA T LAICRBESNZFEEZ - MNER - TTHE
MLE|RT HKFBEEEZHEML. ChoDBEEHICHEET HEE
KIWFEBODE=ZR2)JIZNA FAT+ VT LADBEHTHDZ &
FEILE, £z, KB ROBARBEFEI L BRENRZOAESL
RIS BFEEZMFE LT (Tanaka et al., 2025 Seismological
Research Letters), /N1 FA T # UBMERZ KILAEARHEELER
BIZHE L. BABEMIZIOWTRETHAGHWVNWEOEZRITSE
E. UZNLEAALRUBR L RATLE LTERIENRIAD BRI
Eol=,

FEREEBICHRINTWEIBEL I 7A/NN—r—TILEAL., X
WICEEHET HHEFENZ DAS BAIICKYUERL-, TOHRE. JR
FHEAATICE >TWEWHELENH T, COBEETEZSHMED
EZAYTIZHEMILEIz. T —TILOBEEMEA DAS SR TFLIZE S
FEREBENLUEROAEEIZCODVWTERIBAKE L=, 1=, B
IZEWTH MU AEETERLU- DAS FBHAIICE->T., §M4EFIZTK
HREBAERILEIVUA M OAKMUETZED o AEEMLUE
BOMEFEIZRA L. DAS BHAIICK S b HBEHENUEEE=4
JOOMNAEETH S Z & EFEEE LT (Nakano et al. 2024, Earth
Planets Space),

BRI MBI & LT, KU G EDEFIFRTOER
CEENME=ZRATHEHET SFEEZAFKL. mXxLz (Tada
et al., 2024, Earth Planets Space), £1-. BHST—3% DHfiE
WMICHEERFNTMZEAL, AZEOBHUIEFTD Y —XHEEHZEET
fliLf= (Ichihara et al., 2025 Earth Planets Space), & IZ.
BEPEEICLEIHE - MU TFIILHRAEEHE=F ) VT FE%E
BAF L 7= (Nakano and Sugiyama, 2022, Earth Planets Space) .

ERBAONY— FEMO-HIZ. FENERNEFEDEENLUT
RELEBRZEELT. ChETTH-TCELEREROHEBET
BB aL—2avERERBICARETEICRTLEREEL
= (ZA1FH, 2023, 1HFHHE), COBERERVIaL—PavE
FHALT,. S5 10 AICRLEL-EBREBHEPSM6eE AIC
BAEFEMITRELZBEMEAARNY MIBEEL THEREIN-E
BOERFRHZITV. [IRTANUEXFIERSONLUAEHARH
HEREIZEHRE L=,

FENERIMOBEKLU, RUAMNEAORRBEDILT S Ex
RIT. WEMZEHRUBRYBZMAETCHRAFRZEALT, K
WEBDBEE. YU IDERMBRE. KIUTIITIOBRKREALHIC
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i

Lize SNODRAEBECHAELIEONE-MEZEOHBEZEICHRE L
1=.

BRAANTSTE, AEMBTHEONEERRBOOTNE., &
EAE F—LH% 2,000 FRTEEBMRIARRLIzC L. U7
FUYIE3km FYEXWEIAITERBINTWS I EZBHLMIZLT
(Hamada et al., 2023, Journal of Volcanology and Geothermal
Research), £1=. & w 5] Ik S EBEEREARBEOLITMNG.
7,300 FRiICEELDILTIEXIE. £ 9,000 ENTTERYI <
FFEYEFBRRSIE T EAHBAL - (Hanyu et al., 2024,
Communications Earth & Environment), BRMILTIBEIZHITS
BAMERNT—2ZAVVTHERNEI S 7 —BFTZEREL.
ALTSETORBOFESTHEREREHZRE L., 7 7 #tis
DATLIZBAT MR ERXIRTE LIz, BEEXAILT I KIUES
MOILEHR T —2DONELTED. BRRALTIT—FIR—IXRV
WMEBANTST—IRN—XEEELE (EXRH#, 2023, X)), UL
DHENL., BEICEXRERZEI LEERAILT S XUDOFZER
FEHOEFREHELMIT LT,

Az B EEER/ GETE, Thindly] fEICE S NIUEERES
EELz, FO—CZAVEEREICKIYESHRREZHRANT L&
EHIT, KIUEREEPEO-ORLBEOREZERE Lz, AZE
TlE, ThETCRLUEER 2 IIDNSHM2EBIANSEIREE
DITTICERL., FLEFBORT—UICBTLIZIEEBAL,
[ZL7f= (Tamura et al., 2023, Frontiers in Earth Science)., %&
5/ HOFz2EONUEHRHBOERE - LEA/WICLEY., I 7E
FYUDHEEOENAHDZXLZHSMIZLT (Yoshida et al.,
2023, Island Arc; Yoshida et al., 2023, Scientific Reports),
NoDMERFERZMEFAMUBANFMERRICHREL-, AZED
BEDZERE - PREE - LB - REXEZATEL T, ZEBEL
AEROYMMHEOBEFZEEBHELMIZ LI (Akamatsu et al., 2024,
Journal of Volcanology and Geothermal Research),

FEXEOELICHIREL VIEEHKENFTBETH-=H. B
BORHH L 14,000 FHIIZIEHKMENEZ, BEIETIX 7,000~10, 000
FERICBEARENH I EZHLMNIIL, EEOAIMN>TULEM
SEREFONFHHNLGANUTHSZ LZWOHTRL, KUEXF
MERRICHREL. KIUEXFHNERSOXUFEFMICER SN
7= (McIntosh et al., 2022, Geology),

AKINOHBEBICEETHIZ2EOERRICEHLTERSE - HhEKE
FoERVIAL—arvBEDTIO—FIZLY., TORREROE
RADZXLGEEHALN L, BHORXEEBLIZ, . &
MSFE1AICENEZERLAREON-RIAR—XFE (BB#HHE) (ZE
LT, BAAEHLEBEDAREIADY RYVEMI I aL—ay
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TE5 &) 51 FFAV MUEKREEEAOE
FHROERELEERBREOHEBEEEE
LB ¥R EEeL T 50D T—
ARUHAERREDEE

FITHRY HD,

HRZ. [SRETHXLUEBEXFHMERE~AREL, BRERVZIaL
— 2 aVICKBERONY—FFAREZRFHRGETICHRSE L
1=,

BEQORBEBEXNLUFH TERINIZEBEOMREELLT. A2 by
Dy I)BEEETOYY MLEREBOMEFZMEBEZHEH L. 410km
FEEEOMMAEARAALE T L— ROk y FRXR Y M| &EZFREC
BAELTWAZEEZRE LT (Suetsugu et al. 2022, Physics of
the Earth and Planetary Interiors), A2 b v JEEMID K
LyPTHELOLNEERABZRANT, A0 ooy IBEDOEAR
ICIEv=—EXEE. EVSUXEELRABICTETEY. BEXE
BRIz T 5 REFEEILFMARERN SEIEL Tz (Tejada et
al, 2023, Scientific Reports),

BIEMBRETY MILOKREICET ML LT, hERERT—
AMS, IVMILERTHICEITAHMEREERAEETY FMLET
BICET SRRSO ATREMN ZHEH L /- (Tanaka, 2025,
Geosciences), 7 VT AMEIAHAAFIZHEITHHMERNET ST«
—mho, RIUEBICEELEZLBY Y FMILOEREBEZRR L

(Kondo et al., 2024, Journal of Geophysical Research), F 1)
HOEAATBEICESTALTEERMERANLY . BitE TIERE
KRB IN TV ERYENNIERLTHEZTINEEL TSI EN
HBA L 7= (Ito et al., 2023, Journal of South American Earth
Science),

EEFEEAIICHT S2EMEL T, AU O OYDBEBEORA. RU
BEATAVT LYY AR A DX LEHERET 51612 10DP ~Ni8
EL2H4OEHIRENHZENEEZEBL., EAIERICA T2
BT, theEDOY > M) —=KLIZHI+5 10DP IEAIEICS
B L., $#50 BERIICEEZ-RMOEXRELXDENR., RUCERIZHLE
REXNH oI EEHEFLLTHIAR LT,

T—AREREHEEFA L -HEREFEHEE LT, KUEEREEIC
BERMICERTY PO XRZHBLEY., ERDOBRMELELHT
FTEHEHLWVAAWEEMEEETILERAE L= (Ueki et al.,
2024, Geochemistry Geophysics Geosystems), HiEk{E=ZT—2 v
EOS, HETOLREHETIHMEAEMAEL. HFZT ML
HDBELET A X—2F 74454 FOBR{EET—2ICEAL
T. SZHLGHMBRRNE IO R0mMmEBIZEILE (Miki et al.,
2025, Geochemistry Geophysics Geosystems), F£f-. RIRDEHTF
EEEEYET S ICERATAIE T, BHAELZEO BRI S
Ot XADOMEIZHKIIL - (Akamatsu et al., 2025, Lithos), &5
2. AR—2EH 7T —20ERAHESERZELC T, XD
MEREREEZEDBRRIAMBENGEI S v I OEEZBREML TL
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OBFERTFEFICMHMEM T oNF-EEK
LORE~HLT H-HDHERFE
. PRYBE - PRAEFICES
SHEMICHEL, BRFENEREROKRE
WHEEMNG LN TS D,

OBon-RREZECEFRMKEICIEM
L. MEREFORYFTMEF~TAKL
TLah,

OMRFAREMRERKILT 5-HDHE
RARTRDAD MIBETITR SN TL
Dh%

(B&EE4R]

(FHm+54R)

- PRYPERE - PRUOHBEFCTRELE
MRAFEDES KR

- BT ERRERR

A B & f5 48 L = (Akamatsu et al., 2024, Geophysical
Research Letters), #2744 54 FARDINETORREZHMEL
T.HLWA T4 A5A4 FRUBFHEBRBEEAETILERIBL:
(Tamura et al., 2022, Island Arc), HIk¥IBREBTE OIS
HWERERELESCEEL, L. HERKHNIOER - RA=E - BIKE %
BEMICHEETIHLLWT—2REFEZHRE L - Kuwatani et
al., 2023 Journal of Geophysical Research),

FARZaAL—2avHiIRELT, XITOREFBRELEEL
FACLon=ZMICEITHRADEFRHIZONT, KEBEROIaL
—YavickURDOREEEBEL MLz (Yanagisawa et al.,
2024, Journal of Fluid Mechanics), #i¥k~<> FILDIREDEES
CREREDHAMDOBEDNREBTT 2F-LGT—2EMLFE%
N &R L ( Nakao et al., 2024, Geophysical Journal
International)., =, BERDH ODEREFTHEEBRLGEMAOBE
DXREBTT ST —2EMLFEZ#FH-ICHAFE LHXIRRB/ L1,

EERTEMAFRKE LT, N D LREADHEMERFEL.
HEYWDO/NY D LRGMALELAT O—/NIILEHRELZEDOH G IEE
ELTEHERTHAZ EE LT (Miyazaki et al., 2023,
Geochemical Journal), F£f=. AMIELRIZETEARY MILEHRD
REICHTIELFMBEICHEBMNGREZEZ. oBEERLICET
HHEGMEMRZEEL T (Hagiwara and Kuwatani, 2024,
Scientific Reports),
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ARLTLD,

o DFEHIE, BEFEMBKT— 2 (CFNMEE
FlRZEMT. EMAMBERLGVWFRAZED = —
RICENL THBEUELI-BEHRZRE L, RHELT
LDTHS.

(Ffffideh : PRABE - PRATAEEFCED
E. BHREBOER - EANMERMICLE S,
ERNDOREREE & DEEAERL TLVEM.]
(Fiffidh - Son-MREZHI~RKEL. RE
fRRA~ABITERE~NODEHRESAR OGN TS
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<7A—Fx¥—hMBTFE7 AL TEEN
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RSNV IO TEEZEZERICLIRMH
L. BRRGEZICEVTHENRFESR L B
ERENTLSEN. [IRFERY—ERE. &
BRER., BERE. EMA—H—FORLEVER
TREDHFERARZITO L EHIC, HRABIREI
ARSAEVARAERLIBRE. EXFIRDE
ELERREEIFTWS, -, HKPET—4
F. T—2#E - BHXTL DIAS) F0T
v b7+ —L%@E L TREMA DEMMICEE
HLTEY., HERTOHEREEEREED
WRIRERAL TS,

(Efffieh : AR RZHRRIET H-DDH
TRARET AT A MIBELIZRI SN TS D, ]

FHREX 1T AAVOTY MORISIZHT=
ST, FEEERAIESFAOERERD A
BZtXa) T4 REICKTHILEHEBLAED
MISICHEB L 2D, BMICH TSP RAGTED
ERICENAEBEVNESICEYBEIRD AL+
*1To1=,

MR RESE (DIAS &) %, SIP3 vEET—
BR—REFEVRHIFEIIRS AV MEITOICE
T. RRODHZKIEIZFEE LT,

P REGERIFE SERMDI SV RTHA V%
BEZX. WEHA FEYH WHAELSBFOHES
FHLEOBEL) PEHELE-AEEOERMLZIT
L SREES (EFIRIDERE) NEAT




ORIERITRVOEDRIEFEFOHERH
£

WK AT LERBRT HEREKLGERR
[Tl BEMRAT7T—LAECELD
T—HEZEBESELHLHIC. Thod
BREH—d56-0bDT—2 KBy —
IWERHT 5, Tz, HEOH—IC&
YEEANTREE Lo =T —RITH LT
HEMNEZERET OIS, FEREES
B, 7T—2EMEFITMA T, A48
[CTRRSNDEMMVLBHEEZ ST EIE
DHEMRTFEBERN L KREY
BREFTERZAT L THIBHEFTY RS
b1 ZRRET S, SbIc. YRS b
VRAREOD—IREL T, HRIEBRTORE
TR H-HDBRARMORAREL 1T
Do

BRI 2021 FEFE TIC,
TRIERITURS R TSV RTY
1. BHROBIERITFEBDORRE.
M—RE~DERY—ILRFE L. B
DT—L2BHZAV-HRAKORIL

- HEMRTERICNT S, RELEEY
1R T 5O DRIEFEDRSE
ZICHYHED,

HEBFTLRD M) ORENEETHRIERIEH LTS, Ch
[CMZ T, #WX - $55F - FRMXELGET, HHE LRSI KEDE
MERENBE S TS, F-. ERNOEREEEDELEIZ L
Y, BT -8 EHERBMHER & OERICE D RO AL ER
SNTLD, HEANDZEMRROREELEUITHOATE Y. FEF
HRE - TLRN Y —RBEBEFERREL T D, BERF - KiFK
MR 2 —I2B VT, HEOEDIWWES (1 RES (fhbf
ROBEHBEIFLOBEL) ZREAL. HERMEF - thifE L
DEHEZRDDEHEADEBEAED SN TILVD,

THMREEICERAREOHAE - STEEE. FM2FEICT Y
VISEBREDTO M8 4 TAIRIEEERE. SMIFEICEITOY
IVIERIRIEDFRRERKE L 1=,

HH R —87

EARBCOWNTIE, BYIEIRIAD RIS
KEEREBRICERTHELELIC, FE=HET
— R IRt - EHEERE Y —)L (DaCS) EDYV T+
DIT7THAUERBLABMNLZRAIKEZED
1=,

MEMAEORB I 7T ORLIEE E &K
U, X2 FaxicH&EEL - Earth
Analyzer (LLF TEAl &WVS5,) ZEALT-,

TEERHT )RS ) ORRFKEMIERRICES
L. 22 5OFEDEHF. HP OAHIZE-F-Z &
FHFEREC LESGHETH S,

A4 MEH IO FOTE. HEERKX
BIn oz b~A0EHM. EEIT—Yav T
RELE., BRI EREEE DEBEDOERTTE
EZEThHDLETET 5,

FREGERIFEIERMDISVFTHAS V%
BFEZ. ULEHA FEE (MHAELSFOHES
FHEDBEL) PEELE-HEEOERMLEIT
BICk50EES (HMRDZEE) HEAT,




EhlT, ChoDEHBRREBFZ

2025 FEFETIZ,

- BEOT—2EE, REFRTFERD
ZTORBMDERSEEIL LT

- TRIERRIT YRS R OFEERUH
REDEHORNDFAE & DEHL Y
[CEIRS B R AR & D18

FICRY AL,

T2 ARAICELLIMEREDAE - #WERBLEL, T—
BAVURTEBE T2 T—LER T-8ANTORERNE
BEnd IT—2EHER| OBRER L.

TERIT) RS b)) ORENIERIZES L. 22 BOFEDE
£%. HP OXBICE -1z, BERETIRD b OEFMAZREIZDUL
TIEUTDOESY,

IEBRHIRMEA T AZMERAAE L. 4512 Maxwel | ARRKICEDH#
BWIEOAREXRMBIAELE LTz, XFEEFZRANYELEY
BLIaL—2arnf—BEREEOREMENRAFENS (Noguchi
et al., 2020, Computer Methods in Applied Mechanics and
Engineering),

B EHRADHKIRBINFEZEZMBHARL. FITEBAERAXIEH
DDOYEVWREXEARERE LI-EEMBOBIERETATRE G-
fzo RFEZRAVWSZ L THEMBEHOKARIRBRRRDOAENLH
HFIAHENTES (Hirobe et al., 2021, Physical Review Lett
ers).

ETLBRHEERVUT—2RHEORBBTF L2 HEBMAFEL. 45
ICHEZERY) ALANDERANEIREL o=, RFEZZRWNSZETHE
BN FICBEOCRABREEXR - EHATETHAEEMENRRATND

(Kawamura et al., 2019, Physical Review Research 1; Arai et
al., 2024, Communications Biology),

BEOWEXAFEY I N—EEBERBYIILANA—FHBREFEL. I
RA-EE-EHOMEFACRERERREHET S EAAEELE
Holzo AFEFZAVSILTHAFEREELEHRUEELHARERE
ICBT A EAHIEESND (Li et al., 2024, Scientific Repor
ts),

ARKAETEDOSE - 5. RO OWZHEFTFE. 2FRERK
VILIN—DOHREEARZFICENT, SAERENLGRETER Lz, B
F2ORHEH L&D X-Y AANKELELT HREDIFET. BfF
AMIZEHLEHFLEE Z BN REIL T 5 = RITEIH B T 55 BB
#BA% L= (Chen., 2024, Computers and Geotechnics), E£t-. &
MHEEFRAFEME L L TIE., BOEHBRNALIEEHBRN L EIRKFICE
LARTEICH/RSI ZENTES, HRAVDLEEERAKRIIa2L—Y 3
VEXEEBRFE LT (Minoshima et al., 2020, The Astrophysical
Journal Supplement Series), & BIZ. IEXNEFEMETIEIEY
IZH T HEOZDILFEE M, 2AEE, WECFECEHILIFEZRA
% Lf- (Ettore et al., 2022, International Journal of Solids
and Structures),

BERELHEZ—RMNICBRT SEAMEKFEDOKREZICH

TH H 5l —88




QHERHER*TRAL-EELI ORE
HIERAIE TR DA ERR
T#EMRFY RS Y] FITKYHEA

INFT—FENMENICEE - EETD

EEHIT, IR T — 28 - ST

BEZEAL-RKAET—2 X T4 TAXR

REMEK ] ZEAKIT S, Tz, AVX

TLERAWNWT, BHEICKRAE OB R

TLOHEEEEZHRR - #EHTDLHLL

HIZ, EHAL-HEEREHZREICHASE

——XICENLTHR#ELLL-EHRZER &

L. SYMEDOHZEHRE L THEITIR

B, AORATFLIZDWTIEK., TEF

Bl OMAEEGEHO T CHAXEH#HE

L. FIREBENERZRIET S LD

EELI-AVE— D1 —REERET B L

iz, HEMTFEREZRFICANL., TR

FTIERAIRIEI VT UOYDREEZITS,
ree iR i8R &, FEUEfEHF Y R

DhYl LOEFEFRIREE LE-EAMA

FHRDBIEFZSBEICEET LA LR OE

BEEDS,

BRBIZ1E 2021 EEE TIZ.

-EEFS JHME~ANDEAICEHMT S
EEBMELT., (3) MDZRTHER
AR TEEETILLERLE-RIER
kD, 473140, XKABRY
bO—0 ., EXERMFICHTIHE

. BEEOEMAFIRHNZEZ -HESFD DEM (Discrete Element
Method) 2 alL—3 3 VICTEIILTz, HEFHRXT—IL (10km LL
E) hoHEEHAS—IL (1,000 2D 1#LT) FT=RTEM
TY—LLRIZBELE, ChiZkY., THRIEFRURS YL IZH
WCaO— FRRIOHEZ L MBEZZF - CHERORBICEIL
1= (Furuichi et al., 2023, Tectonophysics),
PFEVIAL—YavERNT, 99X A— v o EADER
TOERP, SR LOMBES - BELEV - ERERRTOER
DIEMBEHENDT=, F1=. DM FHEICKYMBRENFEOENEHRE
KOAIZCE > THEBREINDIAEENBNVIEEZRRL -,
(Arakawa., et al., 2023, Astronomy & Astrophysics)

M4 FBEE [COVWTE, SHAREEICHECHBREETT
IWDERE. SM2EEITHBRBZERAl 5S4 TS VBEICAITE
BHMEFRRELCATARE. SHISEEICT A MuEBTMORTIR &
BRERUVFa—F)TLEERBLT,

TH H 51 —89

mRTREMROBFARIZENTIE, 15 T—4
# WEB TR L. ZHOERMAENTTHNB &
EHIT, BHRBBEBRORE SN,

FRYFEORFEIER T, Y5V FTHA
VICEODKERRE (VA MhEB), BEFEAE.
BEAY) OO FEEEL, RFE4E
BT, BETSRF VI CHOBREFEDH
FEHIaL—Y 3y, BEADFEIBIM.
HBHMIRLEEOH-LETOD Y FE#ERM -
ERBIER, ChOoDERIE, BIEFEHFTLKRD
FURUVMERTREEKEZE L TES AL
TWd, 25 LE=—FE0mMICK Y., MBEHIK
T—AICAMEEEFERENES L. EFABOE
WRIRAEOD=—XIZHEILE=, 9 YDPT K
BlEEIN-1BERORBEEZERERL-,




BOFEICHRLBERORE

BT EDORIE - RREHEREED

F

20

BOREBRBICEISERHFIRI LD
BB R, BFKIEITOBKELE
EBEFEMERSTOEILEDEERSE
DIEHRDEE

[CHR YT,

ThlT, ChoDEBKRREZEZEF R
25 FEFTIC,
SEMORELGEROBE EHERE
TRBHNTLDETHEHIRAELD
BB & HRIEFTREA B DILTE

-EHROELGLSEEL - ZREILZEEME

L=, BERSNOBEREEEDT—5E
EEDRE

- TERTREMER) & TT—2#E - ##

F

©)

fiz
B
B
i

X7 L (DIAS) | & E#EZ RE
L. [URFEHREZEHEZOL CHER

DEIH
[CHR YT,
BHAIED-ODORBELRITERDE

5 - EH

AEBEEEMEMNICKRIBTT 516, T#H1E
WURD MY RU TERTREH
| DETEBLELT, BRKET—420D
HTWIELI-BEeZ2E T 52 RLEHE
DRTL, T—2Y—N, ELTEN

SHTEEICKEFAETIL - BERERTETIL. BhOKET
—4 - RET—A2EREL. SN 2EENLEHFTRARER LD
HEREERRE Lz, YT U THRATTROM,. RRICKIEESHDOEZE
EZTRTOEEABNZALSHITFHETILOBERESL, thHH
ELTEEADICABFIRR L=,

LiETFT—7IZmAx. EHFRACERERIaL—arvélvo
FRERDBEFIHNETILEE - NMERFRZEIELEREL
fzo =, BETSRAFVIDOHAILOH L WVEBRHOEEEE— XK
K[RETNIZEYBEROERDFRTREEDRILEZFHE D, [MRTRE
HEBR) (2K BAMAEEEREROILFTAERE L 1=,

R TTiR Bk DK ZIERIZESDH. 15 HEDT—2DEFRU HP
DARRIZE STz, MRFTREHMBDEARMLERRIZOVTIIUTD
EBY,

FEH PR R T L TSINTEX-F] ZRAWNT, R—/IA—A U FFESA
R—ILE— FEREFFPBRMTEDREFEFNLZELZOREADOVEDTH S
Z&ExEEEILDI (Doi et al., 2025 npj Climate and Atmospher i
¢ Science),

BAT—2 LBFEBERT 2 ZZRAVTHEBEOTRK 22 FURD
BERKEHEMICENTL. 28 - RAORKEHNKE - EH LR
PO RESHEMEFRICEART I EEH-ICHLMZLE: My
ama et al., 2021, Frontiers in Marine Science),

ARBEREETINICEBVIaAL—Ya3VEERL,. EEED
BKESHZEHET LIz, TOHER. BENRATXOHEEMAEIKE
LEB|IER T —AH. BEHALR TEKANEET SAEEMEAEE S IS
7t >7f= (Morioka et al., 2024, Nature Communications),

INZ—Z3¢ERT7I7VHOEMICEAT ARELGFARELZED
REGDOEBFEETILERE LIz, IS5V T7TEORLEEORLHE
BEERLENRRAFENZIEZLA, EVA—CDOTHEEMZHRT S
LT CHEENRETEELRICODVTEHE-LEENYFINS P
atil et al., 2023, npj Climate and Atmospheric Science ).

TH2FEIC, RUARER-LHMIK I aL—4% (LT [ESH
EWD,) DIREZEAZER LT, ES4 [FRKARDFHKE EHHAAR
RRONTVRAZEZRY DDOERSEHKZEKREC LR EM, TR T
ETHEN-3LDTHD, £f-. FMIFET ES4 DY R—+Z5E
BEIZITLN, BEBRFT VRS FULNRAT EN— K7 TREDE

IH H 51 —90

HERREBEOEFEICOVTIX, BRoh-AB
Tihdhbod . KERGN—FY 7 0ERE
AERITTHONTz, FIABEICE S TEY KR
BEFECTHY. AEZEEULICBA-HEN
/FonTL S,




LEERTIEERY NIV EEEFET
5, RITEABOEBRFERVCERKX. BN
WEEDHEELAFLEEL, EXaUT
1 EHERLE-LTEHBMEZERL TE
. ML DEEERRICTSH_ET
FUEDFREOERFERT . Chic
S U, THIERTYRS M) RO THR
TR OEEL. IRFOHELEIC
YD, TO=®H. 2021 FEFETITRE
BN— R 7 0O#KE. BRFICRY A
#H. 2025 EEFTIC, ETEBOREMN
ERAGEI O, FETORLERD
ez, ERNEBEEDT—2BED
REZFICRYELD,

GGl

OBFERTFEFICMHMEM T oNF-EEK
LORE~HLT H-HDHERFE
. PRYBE - PRAHEFICES
SHEMICHEL, BENEREROKRE
WHEEMNG LN TS D,

OFRHMBEE - PRUHBEFICHEDE,
EREBOERME - ERANERMICKES
n. BERNOBEFRME & OELELNER
LTW3h,

ORonl-HEZHE~REEL. REHR
RARIT=ERE~NODERENR OGN T
WD h,

OMRFARMRERKILT 5-HDHE
RAETRIAD MIBETITR SN TL
Dh%

(B&EE4R]

(FHm+54%)

- PRAYBE - DRYFEF THRE L0
REFEDOEHIKR

- BRI ERRERR

- FHRER O RMTERIC L HBEFREE
& DIFHREE DR R

* R OHZETORIR

EZEIERIZITo 1=,

mRaT{REMBROETEBZRBO IO TELT, T—4 U+
)y HH—i\ (DC H—/\) ZEALI—H—~DREZEFHEE L=,
Ff-. SHSEEIZRA MDA ELTEAZEAL, SH6EEND
BERERBLIz, S5, BERNAEEOT—2EHEL L TE4H
DINS BXDHRREEZSMIFEENLHH TS,

FREGEHEZEL TEO TEVVA AN GESERE) FERL
HEMIEBEEORTEMERAZMEMNICERLE:, RITIBEHERR
RAEICRAITE-ERNYR—FEERELT-,

SHMIFEEDEXFI)TAAVITY MRIGIZEN, YT bDx
TEE - ERQOFHEZREL. SHM4EEIGBEREF2) T4 1
EEEHE-T—2EEEBORMZMIB LIz, APl (Application
Programming Interface) IZ&k 2ERNNEBE~DT—2BIELRHET
BLETT—ARAEEZRSZICTERAGELRY 7 b 7TEBHAERFET
E.BEARNICEBT2ERY—ILOBREHN 401 FULEIZTELT,

HHERMN—91

NETEERS EADERESMNEEND
RiaL. FIARTIOET7Y VY. FIARBEDY
R—r3TEIZIFSHE., ERICFANEAT
W3,

BHREX 21V TF AV TUMREERE
Z. Bl - EFAOFEZREL. SM4EEHL
LIEREF1 T REEEOT—2EEER
BOEBREMBT 4L, YWETEICEM DT
HLDIZONTH, RNDREBIZHKE L THEMIC
WY x s L=o




- HRFARDEFITHREIIRTA L FOR
HRIRR
(E=2 Y U J4EE)
TR GGEF A DR FEEH
- IMXDEICEY SRR GRXHEI AR
- FRERF RRER. FERRENY
- KRR HH

(BE=42 ) V768

(FRTEE)

F BITARXGEEANDHRXEEEHE 86 K

- WX DEIZET H1EE GRS A% - 10,048 B A

32015 M5 2019 F£DMEIZ Web of Science UREFEEIZIBE S =
BAROEENEENDHXE (2,840 K) A 2019 FIZ5IHASH
f=[E1%k

- IEHREREN ARER : 624 (FTR 22+ RAIEME 1 +RRES
BEEFHA4+HIETEERE (S P) S+HIETEHRE () 6+4
£ 26)

- TERURE - 569 ¢

- HEIHTRGR 2T 6

(BM25%E)

- BTN EANDRXEBE Y : 8T K

-AMXOBICEYT H1EE GRXXHKEIAK) - 11,481 BOKWH

32016 EEM 5 2020 FEDREIIZ Web of Science YREREEIZIBE S 1=
BAREOEENESENDHXE (2,910 KX) A 2020 F£IZ5IASH
f=[E%

- EERERFI ARER 64 5 (FTA 21 H+RRAIEME 14+ 5
EERFUFENNAH+IEERE (EE P) SH+EERE

(HPCI) 5#+1% 28 #4)
- TERRRY - 304 %
- HEIAFEHEE 26 %

S 3 EE)

- BT EANDRX EBE : 103 K

-AMXOBICET H1EE GRXXHEKEIAL) - 14, 235 BO W

32017 M5 2021 FE£DMEIZ Web of Science UNEREEIZIBE = f-H4
BAIBDEENEENDHXE (3,041 K) A 2021 FIZ5IASH
f=[E1%

- IEEHRERPI ARER 59 B (BTN 26 +F v LU OFARES
H+HEEHRE (E P) 3H+HIEERE (HPCI) 2#+HIEERE

(Z0fth) 1H+2% 22 4%)
- BERRCRS - 306 4
- HEIHEHE : 24

(R4 EE)
- ETARGGEF N DR F /L : 80 K
HHE B —92




(5) BkEREy - JRBIAM G AZERAF & kin
ROEBEE T D B F
BEREBIAOEREBEICWV:-5BEXLE
FEMRUVZOMTERIE. ZOELH
RENBICESDTOAERRFEDZEHMESE
THY. BEICZTOEBREL VWS RETFEE
. OKICEAITSINEE., TOTIZEDN

- WX DEICET H1EE GRXESI A% - 13,319 BDRAE
32018 =5 2022 FEDEIZ Web of Science UREFEEICIBE S =

BARDEENEENDHXE (3,032 K) A 2022 F£IZ5|HASH
f=[E1%k

- [EERERFARER 124 (FR 28 F+F v LU UFIARRE 13
H+HEETRE (REEHFRLERMARX P) 4 +HEETRE

(HPCI) 2#-+IEERE (Z0fh) 28+205% 23 4)
- TERRURE - 296
- HEIEHE : 29

(S5 EE)

- PR FEANDRXFBEHL - 104 K

- WX DEICEYT H1EE GRS A% - 13, 268 BDAE

32019 =5 2023 F£DEIZ Web of Science YREFEEIZIBE S =
BARDEENEENDHE (2,992 K) A 2023 FIZ5/HASH
f=[E1%k

- IERERFIRARER T B (BTN M4 HF+Fr L OFARES
H+HEETRE (REEHFRHLEHMARX P) 45 +EETRE

(HPCI) 24#&+20% 26 44)
- TERRERE 5924
- HEIHTRGR 24 4

(ffe&EE)

- BTN EANDRXEBE N 5K

-MXOBICET H1EE GRXXHEEIAL) - 13,426 EDO R

52020 &/ 5 2024 EDRAIZ Web of Science INEEEEIIBHE & 1 f- 1
BIIEDEENESETNBHI (2,968 &) A, 2024 FIZ5HEH
f=[E1%

- IERERMARER: (69H% (TR B HF+Fr L PFARE
5 hr+HEERE (RIEZEHFALHMAE P) 4 B+IEEHRE

(HPCI) 2 #+2%E254#)
- BERRERH 3 #
- HEIRGH : 29 ¢4

HH R —93




HBETEDREX., FIITHERIZKES
nN-R#BO220>T47ThHb., b
JAVT AT ADRBOH-LELHET
UL O DR - B8 7% 50 R E 48
FREL. BEBANTOINRZH#HET S
CEITkY., NEOHMMEBEEDRIECH
=4/ "= 3 DRIBIZEMRT 51=
. HER - MBI HERER L LIRM
EBREMORREICERYHED,

OPkEA - JRBIM A TZE B R D HEE
ARETHEK., BEERENVS ., ZfRE
BIREE R FEELEET AR MEE %
BT H5BREMLTIRE. 5L (EHhERE
D7AVTA4TITHL, UFIZERT &S
EHRER R - AN RRRICIRY B
ZkIckY., B0 TEFXERBK] %
XABABRBEMEVA / R—2 3 VEIRHIC
R IT=F20 - BN MREROEBE
ERET D, £-. HEK - BT ER
YO, Z2IHBONDIHRERICKS T,
Ho HtEHROERDOFEE - Hifi~DHE
KEBEDEBREL, OLWTREEAEDFH
FRMTBREOHEICKRESCERT S, &
512, ABHIL 10~20 FROREHOA
IR= 3 VDBEIHIZOENRD &S B
KADEBREEWVWSAEEZITTHEL, 0
HiEEEMLT, (1) (2) (3) OXH
THEODEBZZZ. TNoEL S0
DEEZREL., FEMBREMET D &
Wor-fllms o tEY A, AEEFKK
ROosXREtr#ZENMERLICEEHRKT
5,

HH B —94

WENEEE - S
FROBERDNRSHTA LT FEELC LS
BEFHURBEOARZRVEBEREOBEIH BT HAl
B - RERRIRRZE & T E  EHMT TR R
#HEEL. PRHFEIZHSITSHE1H I EM. &
FAFHICERITARETBEEERELODOFHL
BOFHEBHMAE CRMEROREEHEF LMAE
REREEDT-,
ZLOMBERVEMBEARIEBEBRICHENT, H1
DEFEZEMNCLEISERERE. £z, &M
HELLENA=-HLODOBEEMNDHEMN - ThAIMN
BEBICED(HERUEMRARZROKZEL LT
NEREBREND 1=, SHIZ, ELDHET
REREDBIHLIFICBEE ST, BRER - Al
HEREDA—T o4 T REOHRB OB
DEEEICEIT-BHRMT 2 ) —FOHEA
DEENTERETALIZCE ST, RREE
THHH L WEHTEE OB RO RHR RS2 —5/F
REDBERICAIT-HFEENICLEZZERMN
Hozl D LARFHEOTRYAGED B M
#1s)] &35, FHEEHC & DEKRMAEREE
LUTOEBY,

[EEfmdn : Skt RIBA - HEELAY - JMBIA0 72 BF
THEZ., PRYBEZE - PRYFEFICEDSSE
HRAICHEL, EBRKECES LTHLREN
BEEORZVAENBE LN TINSD,]

<7O—F ¥ —hZBFDEZT7I9rTy + TFE
DL - Hifio—XDEIH ] (253>

HFADIRESAHET—ELTEBIFE T4
MOBECEGEREORXERICRIZLEEE




HH R —95

DERE|OEME | ([T L TE., PREAGTERFEIC
R EERKTOERHEES T )T DIR
TEWSIEHEITRERELAH-T-, T, TE#
EYMOERTVADERTR) O TEELRK=E
BEOBRREFEE] WS MEFEHIkEamEL
B ICEATIBEITRERENH -z, PERH
SHE#REICE. TRBHKETIEFEAZ R XL
T77—AMRES) ETILOBEAZHEETIHL
WETIL= TFTEYNILEELZREL-ET
KK - BERSR CO RER) MRRESNIFZFTH
K. 2DDETILDOBMEICL DL NFEEE
KTOERRELFT A ORTEVWSEHET
REFBRIZE-T=, T, TE3DEMIRILY
—EBR/VATLDEI] S INITUT - HE
REHELRDHE] Lot TEFEIRAEmME
e ICEAT 2HETRERENEIE ST,
Shlc, TEPARE2) o Ty 42— THYR
Stz aodoRBORmIZE>T,. T
TJODHBBEEEAEHEDEEI 2 T)aod
DEHY (FEAEHEY) OHEXEEEDETE
EWVWS-REB|HMBRZXIZLHET S 30 RLUED
MXEREToEEITTEHEL, kB ELE
DIEBEIVSS KRDOEHE - BARTA - B
HERBRZELE-TRBROBFEL/NEZ2EY T
1 DEE LWz TRIGERIZE T SEFDRER
LEHICEDIF-AEFBOEL] BT S
BEIREEELAH =, REBIZEWNT, HF
EHFEORREEZABELERT IERLES
COBETRERREIEAH 21T THEL.
CNODHENBTICHTIHEODTSV KL
AT BIZE--EECEET 5,
2DOEDIKRERMAET—ITHD 5—7
YA —WEMDIFREBEDBBARUSI—U T
A — SRR 210 U = A T4 dn i A VE Bl BT
DHEIL] [THWVWTIX, FRYFTERIEIC TEX
EYMORBRELDETZFRAALK7—F70H
Bt - AIEEEEOMREE] © IREEBRERBRVE
ETEGBORREHEDILEROE - #EESHME
DEZRHMDFEL] EWV--HEOERMLELE
BOLEMEFHERE LT D2HERREDEIE OFM
DINTGFA LT FEEL EKSEHERRENS




H H 5l —96

bht=, FRYPHEREICH, E3NEHRI S
WE—EBBIATL=8BRA6BEZTNIZKEL
FERERMEYMERROELILHAL. [HEY
SEEEREMEYMDETEE A DX LMFH].
TMEAGEDER]. [TSRTFART4T7H
EYMEEZRORER]. TRH - FEEMEMEL
TREEWCPR /NS T 1) 7 - DPANN 7 —F 7 DHHE
fREA], THREIOAR /) — L EFELEMEY
DER] LV EEHEITREIRENSHEIL S
ht=, —F. 15— <3 —Eamige ML=
ANLERSEERBTTOMEL) I2ELTIK, &
REGTEATH (TG - 7L L -MRIRE ORI
#EAL., dREGTERFEIC. TELY VEEE
AR LECEETIAIHMBEROEE] © I#
THHECAIHMBRERZTO5ENTEDS
LYE-Fv bR EVSISBRETREEEN
Hot=Ckicmz. liEK - FERETERHT S
ANIHBORETI] EWo - REAGTE[CBARE &
hE-BEFRNERFEEZEDEREEZMITIREN
Hotzo Fl=-. ESDEGFIRILT—EBIUR
TL=BREREETNIZKELE-EREGRME
MEREROEAEINH & TF20EREMERE
ROFER] LLWSHRZELT., EXRIEEERK
DHEAZEIERAL-MELEE AT LOEREN
MEBHBIER LIz, KREEBICEWT, 7 EH
HEORKREEZEZIELERTI2EREZLD
BEIREIRREAENH--EFTHEL NS
ODHAERNBFICEITIHEO TSV FEEIZERE
SE, LAV—ELTHEILITSIZE-zEBEHE
BT BN

REDSKEAMET—ITHD EMmEIR
BROE#ELLFRBECEYDEREEREEROHEE
ERDOEMRE) ITEWTH, DRYGTERFETO
[RHE—1)—Tv bOREE - £18 - #EDEFE
MEXZHRE - EYFEHBEORER) © 17
WEVHA HEMBOSHEERHA D =XLD
). RUBK-EBEYRERBREBEERNE
EREB—REEZDERICIKE L THBRAOHEE
NERTBHENS TEK-HEYMRREFREBERE
ROBHER] ELOWSHETREFERLH -
LiIciiE, PRYFTEREICIE. ETILHEL




HHE B —97

BAIZEDW: T4 FELPAREEDZEEIE
HAREEROAYHMBOEEEOARZRNE
Rl D TRy—1)—Ty FORHEE - £ - #aE
DHEMFZXZADNFHEDOHER] LU SHBE
TREREZRL T, AR EBRBEOHELLAA
VIEFDRE - £MENEZEROEREICESIEEF
LWMERAH o1, =, PREATTEHRFEICIE,
TRH - ROFEREEYOESE - DB EFHHS
$EE CAM U L—FDIRIE] » TEF—D g UF
HILREEZE D7 FARSHREREEDDIES -
DBt EHEEERRBR LW A—U T A —REAEY
DIFEREHERBIZCE TAHET RERBDL.
TEABROBEED FHEDOHER) © THERE
JOEMBAICEET Z2ELROER] £S5
BEEBETTILEY=FARICETIHEITN
ERENH oIz, CHOOREITHREAGEIC
AR SN-ERNGRZEEXNEZETHDS &
R EEREMEEZONDIREEDDOR
- AEMEEDMHERE] ICRT-RETHY ., H
SEOEVWAEEZEZERLEEEEVNZ DS, &5
2. FREEREICET—I T2 —BEEY
DIFEREHMEEBAMELIES L., SHOFEE
EYPCEEROERPERENLAH -z, TD—D
DI—)LELT, T&Aey (B oFLED
KR LELELRMBEFROMERA] &S FHTEE
DEBELIERRMARBIE SN, KIERHIZH
WT., CORRBFTEORKBEZEZRIME LEK
TEHOERLEZCDBEIRNETHRBENH 1=
CEIThmA., BERBOHLWEMEEH IS
RO#gEFENH-1-EBEEmT S,

ERFELLTEHEMEBEELTWLWENA-EZD
On. BEMDOHKEMN - BEIMLZERICE DL
MERAXEZEBHICERALBERE LT, IEF
TSRAF v BHEERICET-AEDBETS R
FUO~ADREEZBIEIMERARICETEEFE
SRERMETER] ~OFBHN N H -1z, ZHOD
NEEEDEBICOENA>EHRAPAEIX, e
M=——XD—D2OTHLHIHEENET HBFHFEE
PHRERAFETSY b T+ —LH., EELUSNOHR
REROHETOMBERIERERNRICEHEUH
CERBBlEL = IFTHEL, TS5y b 74—




HH 5 —98

LERAZEEME L CRHRBLEFE-EHERRE
DOEHEN., BEML TSR T4 R T4 7HBFER
BHAEYBHEOFRE L RIBEDORRIC OGN
bW ELUTAETADOHFHER ST,
T, TFBBYOY FRY—TZLEWSH-HGF
TPEI DFEIL L HEEE ) O [RBEKICERGE
KEIHD IWCN Ly KR MZEDWNWE=AKGEE
flil £. BYOFTEIZIZGE, > =EEMEHFE
ERCLHRRBIEICHVOMF W, RIEBBIZHBITS
MEERBERREAIHIT., TEEEDOS OHRE
B - HREBIMAEEIZS (TS EEIMERIIH &4
S f-¢LEBEHET 5,
NoDZBLDHFEIRNERRIL. HERES
ODHRERERERRT D759 Iy THEDER
BHER LG EITTEL, ERRKEIZES
LTEHLREMAONRNYT b (XERETZTOZE
EIEHMOS ARKICEDICIEE,. F2ETDZ
BHE) PHEHA NI~ (TLRYY—R
DHPRE., BIRERUNTOREHRORE.
—REEOCTOLN)—FEEHOHOEE, RX
XD Altmetrics 512%) OEMN L. EFMIL
BRETHDZEMNEAINTLS,

<T7O—Fx—rIZBFZ2T7I9rTy b TEMN
EiEOMAIM M ERORIE] (23S >
MB/NEE - BERELRESFEM (T3
LTIE. o REGEAGFTO IHUNEEY >4
— AR HEERS - RILAORH] I
BiE, PRGHERFETEIZOERIEE TIEH
ASAE2] EUREAHOAHTIZEITSHEFERT 300
BLULEFERAESA, D ED 2,400 FHDFELE
ZREITEIZHELOLEEVWSERELH - T-.
F- TBEU/NEE - BERRELESI TN %
AUz TIEHOARE 2] EUREBOSTIEE 31 K
DEHOEBMFTMOSVREXRERICE UM L
213 THEL. TORWEMOREICKHEE
HREIMMEZFERF L. £/ 1000 FAULOZEEH
REZERFLT,
[L—H—IMIPESRIEFEHLELFALE
BoKF AF MO OO HRER - FhE| A BT
DKl Tk, dREAGEFIFTO F70Y




H H 51 —99

ZEEEHEMHEEOEEREETHL—Y—M
IJOERDER] a9 )—rHS R
B#MTORFE) ORRRIEAFRAGTEZFETD
ZORRAPHEREICHEFE-XENHESE IO
DIl MIETWEETFTREL, TESIEER
WM ZER LI BKFAFHEM N REAFE
#BEIC TEEEARBICESTS IEXER CCUY
Y732 —FF] » TBFEE (S ~OBIFE
i - IREBEEFMEEMI. THALAAZvIERE
AWrAV—FRIGEMTOREFE] O NEEHK
EHEATO/NAF) —XhBAFER MK >
T rDREFI EWVWSHE., RESELDOHER
MERVNHESESENVSEEFT LLRREIC
UL,

TR B BT ERAT ORI AL (Tx
LTH. FREAGTERTFICERLE-FEIZED
= AR EREIC TRy—STILEBELEY
FE -TE-DE-BHATLDRER] &%
NICEDCHMBME L RIFRETOEFEAICK S
BHOBXRREVWVSEBREZFLULVEELH -
fzo £z, HRHFEZFICIE TEVS ZHLVE
FRTFOBRE - BITFEZRAE] COSHBET
REFENH =, SHIZ. BXPCEEESER
FEBLT, ARLEEMCKLKS IBEEYD
_»‘/g)l/ul..ngk /\**ElfJ e rlﬁliﬁlﬁ%ﬁ%! ﬁ:
SHERANDEZERH~DOEA] #EEFEIZ2
ZTANERTSHLETHHRESEDEGLCERE
IL—ILEREIZCEB L=,

NLDZBLDEFEITREEMARBKRIL.
MBEMERI IS LGN L., HELNET S
BB MARICRRRNAERLIBLALBEEE
EDHRBMEDOERICHEOMANNTHY . HHFH
FEh. HEIMREHEH. HRARZEELRE. b
HZNEH - RENSESPEETE IO Y
fADSH - BEflE VoA L. BEEANGR
BTHHIIEMNTHASIATINS,

[FFfidh - ARARBRERKELT H5-ODH
FRHREIR DAY BRI N TS D, ]
<7O—F ¥ —hZBFE2T7I9rTy + TFE
OHE - Hffio—XDEIH] RUT7I Ty b




TH H 3 —100

TEAEMBEDOMAIMGREMTEROBIE] 125
>
INLOME - AR OERCRRRIE
[TTHEL, ZORROF OEMMAMELHE
MESZVOERIEIZONT, HIWVIEFnEE
K7A7z9 2 a T ILERREOEETHOME
FHIZDOWT, BABAT A TORERBTILL
—RURICHKEL. BEREAOEHKOHMMLT
HFLOMEERESET-, -, TOTAICH
TEHERAWMPMEELE (FHEOREEELD
2 - HRAEDORE) ITEHUMFITI-Z &1,
MERREAOHAERREOEDHIZXH T H1EH
ThREHUNMDOHRBMLE TR A FEFDORE
THo1z, THIT. K YRBMHADODKXKBHEH
THEODHEMBEETHIRAHALHARELTL
EFXETHIAMBRICHT HEEKHUNDOHEN
HEE (AL THF aT74 MBI ©
T ROGVWVBRFE] &F) 17U\, BRALGE
BRESBRMBAETHESICRELI-Z LEBEHM
MEOHMEREIRS AV NEEZ D, B
B - JBIMAERE - BfilAR. TLTZTORE
DEXRIEPMIELCLEZESHATRAREIRD AL+
DHEENRIT. NTESEB/LOHRE - ZEHR
BELEMNENZITAN, HETOEFEA. H5
WE—RRHRICT B OHRMORME LS
BREOHEA VXY FMEEDOLER V- -HIE
BRIZRMINATWAEFTHEL, RKRBET
HH5HFHLNEMBEHOBIR PR R 2 —HE
EODERICBWTKELEELA Doz, MR
T. BANTER SN E-BOTEFTLHERARE
AMZEHRBRS OB - EA~NZEHLTWSC
ELEFIRBOMERABI RS A L FELTHE
H RS
FREFEICS T, BASIHAERARTME
LT, (UTF. EBRE) 740 KOMRHIXDH
. 3,221 BFAICESNEHESE. EFEEED
HEZE 133 4 (REEDOERZE 58 4. BN
PENDKREZOHEHEE EDERAZE 15 & (5
L EWEEOEXRHAE 14 4)) OERE. £FE
MZEELELT 254 BAAOZA, HHFHE (B
A+45E) 54 4, 28 35 #, TLRYIJ—R




(€4) READBEHALGRBICE D CER
RUBKERY - JRBIR R ER
ARETIE., FRHGZ2FRDONS T A
LT bEECKSGREARR KR
BREOBIHEZRADBEHEL T, TEX
DS OBREE - MBI SRICERY M
o FIC, BRICHRZEXEET SHF ML
B L= HRlErRBoond NEani
A1 TEGEREDOHELR] ITRIFL
EBFORIDER (ERT—Y@). B
ROBRIBARERRICE TS, RAMDM
EYORRCTDEEBEDHER (ER
T—RO) FORREERAMICHET D
eIk Y. AR RHABFEHRAICEE
HESBOERELGINCHARERN
L. BAEMNHAZ ) — FT S 2R
EHBET D,

HHBI—101

67 . 1,745 OHEBENATOF)—F - I T2
T—LavER, BEBH - BREIMGHEDCA —
ToH ATV REEAMBRICED % EFLH
RESNEERMR, SHICEDTI M) —F
2&% 20 BRAAZEASTMEESGNH 1=,
ChoDERMGRERERLERERRERRY
(T, BHE - T - 247 - AR EWVW O HREHE
BREERRIELTD-HDOTRI AL MAEYIC
Honf=fEREVWZ D,

FROBERDNNSHTA LT FEELCELS
HRBHREECHZMEEZOEIL = B9 Al
B - BRI REEBE T, PRBHEIZEITS
AT SEM. BF4EMICERTANETEEEFHR
ELODOFHLAVWHHKBAEOREZELHFL
BND, FOERICATEHERFEZEDT-,

TEGORELCEREBEOLELIZRIFL
=BEDRIDER) 2L TIEX, DREAGE
AT TEBRKERIEEAZIR) A LT 7—
AMRROETILRELBEERICED(R
FE1 X THESOMH="FHER vs HhEkHhEH
HEMEEZRT HDERBRMBRIL NRIEMICE
H. IR TREBHKTOEGHERES T ) 4
DRTEVWIBEIREFEENH -, Fi=.
TEZEYORRBESFTVADRR] » I8HEKL
RRER/BOFRRFEE) &S TEFhik4Ed
HEH] ICEATIHEITRERELH o1z, &
REFTE®RFICIE, RBERKESIEFEAZKRY
ALT77—RAMRER] DBRZHEMFETHFHLL
ETIL= TRIEYMELFELEZREL-ET S
AR - BEER 00, Rt AMRREINIEFEFTTH
K. 2DDETIORMEIZK ZRIEYMFEMILE
HEEDPER- YN EERBATERBIC
BITE5BRERRT 2ERMRIINRIBM (C
H. TER TRBHEKTOEGRES T ) 4
DRTEVSHETARERRIZE =z, &6
2. KRB RO—BEDOHRCPEESZO—
BRETOREZELTCZTOEFLRETEA
o MAT, ESDERIRILFT—EEIRT




THH B —102

LDEIE] » INITYT7 - REHEELLED
g Lot EEmIkAEREESs ] 28T
BEIRERENBIE SNz, HHE T, NI
AT Ty sa—rchERENF=Y) 2D
TOEBOLHETEL, 1) a2 TDODBE
EEHFHEDOETE] C T2 5978#Y (F
HEEY) OHRXEBEEDEE] EWLWo-RK
BBREZIILHETS 30 RULDHXHEERET
o213 THL, N BFEEZRHOLIERE
IS FRAOEE - BRTH - BRERZAE
CERERBOEBELN\E24E ) T DiETEL
Wotz TRKIFRIZCEITSEBEDRRLCEEMIC
BA#F-GEFEOME] ICHTLIHETRSE
BREAH 1=, RIBBICEWT., PREHFTE®D
RICBEZRBELERTIERLESCDEET
REFBRENH-=EFTHL, ThoDBf
EABFICHTIHBED TSV FEREILIT HICE
S BEFHET S,

(5 —0 I3 —MEMDIER & HERED AR
IZEWVTIX., HRHFEATFIC TEREYDRE
BEBSETRAILKRT—XT7O0EE - £
BEDFERR] v IFEBBELEERCEBEETEGE
DRFEHDILIRAOTE - BESHEDAKRRIMND
Bl EWVWo-HMEOERMLEEAEROCEE N
FHEE LT OMERRDEIHOCEFTD/INSE A
LT b, HILLWEMEBORIEZES &K S5%
MERELFONT, PREFTEZFICE. [5
SNEMIRILT—ER/ I RATL=BRE/MEL
TNIEKEFEL-ESERMEMERRDOEE
B, TMEMEREEEREMEMDEE L AN
— XL, THEEGBEORR). 75X T
ARTATHEDMERZROER ], [XRH - FF%
WEME LTS CPR /NS T 1) 7 - DPANN 7
— X7 OWEeHER]. THFEDOA 2/ —)LHE
BEHAEWMEYORR] EW--HBOEEMAL
FERBRPCEEMHZFICHART 2BEITRERE
NEHEIE SNz, —A. [FT—U T2 -4
BEEMUI- AT EmEREER MO I
BWTIX, b REGTERTF 1T - #EIL L8
TRECHEMZFAL. PREAGFERFIC.
B VEE4#6RLECHEET 5 AT




HHHBI—103

ROEE| © THTHHBEICAIHERERZ
TO5TENRTEBLYE - Ty FHFEIL £V
BEIREHENAH--Z&Icmz., TEK-F
BRETERIH:ITHSAIMEOEII Vo fzmh
REGHICHRE SN -EAMLGHNZEZEDERZE
EMHTEIHREN Doz, EEEDKSIZ, TH
SNEMIRILFTF—ER/RATL=BREME
TNITEKEFELE-ESRERMEMERROEEL
B ¢ TE20EREHEEROER] &0V
BRREZELT. ERIEFEEROLEHEAFIGAL
FYEBEEEVATLOEBMMREAHLERL
fzo REBHIZBWT., P RHFEORKEEZEZ:
AIEILERTIERLELESDBFETRERRE
HRH - FTHELS, SO DHAERFICH
[THHED ISV FZRICKEBSE. LAY—
ELTHITBICE-EEBEEET 5,

T L IREO R F iR < EYEER & IR
REROHEBEERAOERZ] ITEWVWTIX, R
HEAFETO Ry—1)—T vy FORE - &
- BEODHRENYEZXZ B - £YFHHE
DFEBA] » T7ILE HAS HEHMBOZHIER
HAD=ZXLORER] RUBK-HEMRRER
BEEBRNBEIRE—REEFOEHICKEL
THBROHEENELET LS TEK-HEYR
FERFBERROBRER] LOSHEITRER
EhHo-l LiciiE. DREFFERFEICIE.
ETIHELHANCE DS T4 FEPAEK
FEOREBLEARERRDEY B OEREYE
DIERWERE ] O TRy—1)—T v FOREE -
HIE - BEOREMERA 50 FHEOMEA]
EVWSIHFEIREFRZELT, EMERED
HEEARNY FOIRE - £YMFHNEROEAR(C
B5EHEFLWVEEBLASH 1=, =, BRHAET
BE#ZREICE, TR - ROBREEEYDIESE - »
BLEHEOEE CIM Y L— FDIRIB] © MES
— g VEIBILEEEE O T FARSHRE L
MDIEE - DB EBEERER WS4 -0 T4
—[REEYMDIFEE EHEMRBICE ITHHET R
EREC. EARORERS FHEOHEBE]
(TERE) VEZHBARNICEREIT281R0%
Rl EWSEE#EET ILEY=6FRICEAT




HHBI—104

HPEEITREFBEND o= CHOHHBREFFE
HEtEICHAZ SN -EAMLGREFZEEZENETH
5 TRLRBHLGERENEEZ ONDRESE
WMORSE - SEHEEDORERE] ICRTERRETH
U, #Z3EOSVWBEEZERLEZIIEE VR
5, IHIT, FRYPFEREICEI—V T2 —
BEEYOFERELBEMFEEARENMESA, 2
BORBEVOCEERODEROEELH - 1=,
FO—oNId—)LELT, T&iFEY (B O
FLOEORRLSEILRHBEFZROMAHE] LV
FHEBORBLLELIAZRMABHE Az, &
BHRIZEWT., COFREFEORERBIEZEZR
BILERTHEELZDEBETRNEREREH
NH-=ZEITMA. HERBDOH L LVEHE
IS FOmFLAh--LBECHEHET 5.
T, D RYGHTEOESAZREE L LTI LA
ELTWEM2E=H00D, BEMDHEMN - H
Bl ERICE DS HEREORZEELEBMNIC
BRI 2AMMEELT, TBEITSRAF VI EH
BRIZATHEPBETSRAFvIAORE R
BiIedHIRHARICE T 5B EAERMEETR)
~DHERND -z, SHONBEEDERIC
DHEMN>EHBEMAREILX. HEW=_—XD—DT
LHOMBOETIBEFEECHERE TS Y
f DA —LH, EEUNOHEEROHETD
MERECEERDRICESF S RIBIE LT
FIFTHL, TSy b I2A—LFRAZEEME
LCRBLEFH-LHERKEOIRMEN. 1FEMN
BISRATARIT4TBEREMEVREDRE
TEERMEBEEDERRIZDEABZ EWLNSEEL Y
TAETADEFHEE =, SHIZ, TiFEEYD
VRARE—=TR2LEVWSIFH-LEMEEOREL L
e W NERBHRKIZERLZEESHWO IUCN L
v RYRAKZEDWELAKAGETE 3. B0
SEICIE A > EHNEHAREROKERH
[C#HUMH W=, AEBIZB T MEER SRR
BIH X, FHEEMOS BEMN - MAIMAHE
[CHITHEHMLERNFIE L - BETET
%,
NOOHEEBOHRERHEZTTEL, £
DREEDEFEO>ZMMAMELCHENERLRER




BRI 2021 FEFETIC,
- BHOMREZEME Lz TRBRKTO
E@EEST VA ORT (@)

RHDOHMEZEME L TEMOFRE] © NEdmEREDHEL)
CRIFLEBFEORBOERE, < TREBBKTOESREES T
A1 ORRICATT, FSNTEENLOTMIFEFLUTOHRERSE
[CHRYMBAT,

TEaDEFRDIZ=FBEK] ROBRATHS FBEHKIRIET
DE#YOILZHELDOERMIIIMNDIEN &) & TBKPTHE
MOERFIL - HBIEARBETHS &) TRERT HER - 8 -
BEREERO=A—ADB®IEITo 1=,

SHNREEICE. FERRFHEIILEREBERBROERBIEDRK
SNREENODRHBELRIEATY F (00,—00—7 = / E&+TCA [H
IRERER) DEIZED. 40 BERIOFBRKRESZZEEL:
EREETCTELLIRILUMEETRLEDEERNTORIOBE LT
S EFHOMNILI-LTHRX - #BEEERKX LI (Kitadai et al.,
2019, Sci. Adv.; Kitadai et al., 2019, Astrobiol.; White et
al., 2020, Astrobiol. ; dt&, 2019, HBkFlZE), Fi-. BKPT

HHHBI—105

DR, HhAWEIEFLEEL IOy aFIL
BHREOESHROARFEICOLNT, #RAL
ATATORERCTLES —BRHERITREL., &
FRHEAQOEKLHMPFEFLOOBREZ(EESE
fzo £z, TOFTBICHT HERMESFTON
74V bDER - R (FHECEBLEL
DHEBAEDRLE) ITHUMF T &I, BHE
R ENDHAERREDEDHIZx T 5B TEH
DD DEEM L REBMERBLE ZORRETH D
CLHOHEMT S, 512, KYRHMADOKE
MEMERAEOHSHMMETH S RIERAESE
PENEXETIAMERICHT HEAEMHD
MRMBEEZFITL. RALTHREDRMNEGA
ETCHEICAMT 2EETo-2 L HF%E
rtEIZEELE L TEHCE®T 5,
BESMERAENMAE LT, AhRIAGTEIC
BT, (UT. ERZE) 740 KOMEHRXDF
x. 3,231 BEFHICESNEEER. ZE 35 #.
TLRYY—R 67 #, 1,745 HDHEENT I +
Jy—F - ITahr— 3 FE, E -8
BEREDA—T oA T R{LEAMERIC
BEHLZ2EZBPHEELINAEERMIRENS ER
HERET—2 EEhE T, AARZEETIXE
[CHEELHREZAIE L-& T 5.




DEHRYDEREL - &7 FIb - BBIEDREGLIF-LRAKELT
RIE/BEER C0, DEEMICEB L. HRVORAREICHEET %
K/BERF CO, DR M DIEMEBEFERD DI LT,

SH2FEEICIE, &RE/BER C0, L EARBELRFEHKEELT
EREFANESIEZI T2 —EAVEERZTL. 0, DESRETE
NLEFAIRTILDOERICHTIL., wmXFEXRET o= (Kitadai
et al., 2021, Commun. Chem. ),

SHMIEEICIE., FBRRFHEILERIBRBROBERBRECH
(T2 ZRIGCHEBOFMICOVWTRIIZED S BEXRR L BHER
ZESH, MEEREDERIELENLTEMEOCKRELELL. FEYERKRE
ANZRLICEATH4RXDB/mIXFEREIT o>~ (Lee et al., 2021,
Chem. Comm.; Zhang et al., 2021, Astrobiol.; Sanden et al.,
2021, Dalton Transact; Yamaguchi et al., 2022, JPC C), F7-.
HiEDOBERKRICE T2 RE/HBER 0, DEKRE. EEXERDE
EHEKRTORKE/BER C0, WO EZARRIETHELDIC,
EIRBREEKRICE VD THRA/BERR 0, iMEFHEIZH L TR
LBHRENCETIERIBEL:, TORELXRRIZEHRXEL
TERBLT-,

—EOMERRICE>T. H 40 BEEFMDORBEKIZE TS TR
LEXE—BELEIRILEX—RB - 22/ BRIERIAKCH - IEERTER(K
Rt OFRIBENEIESNBICEY, REOHNREZHELE: IE
BEKTOEGHEELFTVA] ELTO IFBBKEREEERRE A
ARYZALT7—R MR NERL. BXPRFEICENTZOR
RICEST, —lRETORRBNOHERZEL TRIR [FEBEK
TOEGHES T VA OBRIZERELER N H - (LWFE- &
F, 2019, &£&E#), 512, FBERKERELZERA IR L
727—A MR OFRERRL S D NEE - BEER _BIERFRIL
FELE] RORRICE-ST, KIBEEEZIFICEBLTH. PREAGE
NERBEETHITEM NFERKTOEGHREL T VA OIRTE
EERIZHAIT-AEZENN - LESHEREEBREBIBAH -1,

EGREHL VTV PHELELTOLRICKRELGEZELRIFLI-EE
ZONSMBRR—EBEBFREOETICH LT, B - 88 - BIRE
BO=—ADBRIEZETo1-,

SHREEICIE, PRS- BEREDERB/IROETICAIT T,
BAGRBICET52ZEREAMAEIANFRBEREL. HAXKKBET
DEXRBMESTEHETE Lz, BEITHSHERX (Usui et al.,
2019, Phys. Earth Planet. Interior) ZHXL. SLICTEER-K
TREFTTHLSREROCBERICBITS TEGLBEOLEL] I
BHhIEELARNYMNMIET2HMLE IO REEMRT HEELD
F-GHhEE - EKEFEMENEFLISLICHIL. REXE6

HHRBI—106




AKEXRL.

SH2FEICIE, SHATEEICHEETNPRS-BIREOEREIR
DExXIZAFT T, BEER-KERBE~NDEGBESEEEOBHRER
1T, BBEREOKPHEIRBRE L BREEZFHICOVTHXETHRL
1= (Nishizawa et al., 2021, J. Geophys. Res. Planets), &
fz. EER - KT OFRBMER XS EBENCEA B INDEE
BAKORATLIZHT H2EBREAFRERZTL. EEXER - XD
BEERIOVIRADHTEICEHT X ERK LT (Nishizawa et
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RiF. T2k NFEHRKTOERHIEL T VA OBEICHITI-&R
YEEGERBRRBREGS, PRAGTEOEXRBEETHITEMR IF
BEKTOEGREL T VA ORREERICHAITI-FHEZENIC
LtRIZEREBRRBEAH L BEEMTES,

PREGETE. RFOMREZHE L FEeKTOEMIEE
FUF] ORTOZFOEIZ, Tk NEEHKTOERIEES T
DA DEREERNAHY . N OKBRIZCEITIEEIDREOLE
HICHELIF-REFROEREEWVSEREELAH D, THICHIT
T. BHU/NESE - SREELCESTEMTCERIAEICK T, FHIC
BI3ER-KRGCOEBRIAECEEERRUVERERET SEEHHOS
WZEAELE-RILZEDT-,

SHTEENLTHN2EEICE, HE2 2 FS5 4 FMERDOBM/N
EFBBREFEME (TEM) - X RO S EBRHE, S T EEREL
MTHIHIEMART IS A F%EEE - /E L (Tomioka et al.,
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- TEREYORREG S -7—F7 (B
MED 1 © TAERH S WVIXEFEERKIC
FHoZl, BREIRILF—ELTH
AT 2EXILFERMEY KRB
RN (©)

FICHY M,

2021, Comm. Earth Environ.). EFEEDH/NEEDOKRETIH X #R1K
IRt E fZAT (XAFS) 2 #FIc& Y. 40 EFRIOKERFIEFICE
EXRARYOCKEERICORMZEHL., MXE3AHKHKXLE

(Koike et al., 2020, Nature Comm.; Nakada et al., 2021,
Minerals; Nakada et al., 2020, American Mineralogist), F7-.
AXT AN A FEEROFFaIILTH L—F—0 10DP EHIEHFED
o, EXEREEREI L—2—KHNEBICHLERHEXDA Y OO L
BEARONBZZEZOHTHLMIZ LT (Goderis et al., 2021,
Sci. Adv.),

SHIEEICIE, TEORT 2 [TKBHUTILYE—VITHEBIL
=)ao09880x1L—> 3 Phase-2 (kLK TZEFTEL, &
KikFRERA L DOEELE., HAuSKIEYMPTOREHEREDESE.
BEMESEHORR. TEOEREMNH >~ (Yada et al., 2021,
Res. Square; Ito et al., 2021, Res. Square), Fi=. HiitpRD
JISA FDERREZEITV. hoSoRDF/ WENLBEEMRE
BANWZXLEZHAGHIZLEEITTELS, IMNEE - KEDOREEYE
DEHBERMBEIN S, NREBRICEDIINODXKAREBYED R
WEIEA. EKIEYPOBEFEELRRZMNO THLMNIZ LTz (Yoshida
et al., 2021, Meteor. Planet. Sci.; Miyahara et al., 2021,
Meteor Planet Sci.; Okuchi et al., 2021, Nature Gomm.; Zhang
et al., 2021, Geophys. Res. Lett.), & 5[, —EDHERE®
RASENMAEDOFEHLEORRICONWTHRGERXZEREIZER
L7= (Miyahara et al., 2021, PEPS).

—EDHERRCKASERYARDOFHILOKRICOVTOE
fwik, HEKOEFE. HD5VIEHERNARK OBV BEOTE G ST
ERMEOEREERICE TA28EMYMDOEROELICHT 5L LY
AKRMEFRETDHICEY ., FHE-EEMEMRICE D I FH-LEME
BORIKDIGHEE G I-FEIRERRLER D, FRAGTEDE
REETHIARNGRICETHBFOEROCETEEICESF-LEFE
BOWHICH LT, FIELOEREFEIANETHRAENH &
B2FHET 5,

ERDBRIRFEEBRRICE TH2RMOMEYMDRR LT D EEE
REDMAEEA, B TEREYORFEL G- -7—F7 (HHE)] ©
TRERHDWVIEZEHICELHL. BREIRILF—ELTH
AT S2EXEEEHMEY ] ORBEHEDOAEAFICHIT T, KT
FEMNMTHMIEFEEICIIUTOREMECERY BAT,

RSEREBHREEECPERENERCLFZER. HHIVFRGEX
EEBBRE VS EFLCERERRME ., R4 IV RENEM
AEDOELEAERICE 2T, EREVORBREG >ET7—FT7EL
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TEBSNEALELREBOEEFTH T AAILEKET—FTHOE
SNERIRILTF—EBURATLTHI I ERERMEYDO OB, T
RE - A8 - BEEDIREEF 1T o 1=,

SHITEEICIE, ER19EM S 3 DO REAGTE Z F1-L\ T
LCE-RIBIEEFREEX (Imachi et al., 2019, Sci. Rep.)
I2&>T. HETHOHTTAAILET7—F7 (MK-D1 #) DBEEEIC
R L2 THEL, ZTOMEE - £18 - 5/ LEHFH D MK-D1 #&%A
BEIN-EZEME L TEREMICRIVAEBGLEEMTHSI L%
BASMIZLTz, Fl=, EOHNICH =M ATECERE - H4E#
BEEIC, EBREYOREIZOVDTOEH LLMREETFIL TEntangle-
Engulf-Endogenize (E3) model] #iRZET i % Nature SEICHR
L7= (Imachi et al., 2020, Nature), AREIL bioRXiv IZTL T
U bEHERLEZEBRET, #HRMGFEY I X EG Y. Nature.
Science, Cell EHETHD=Za—XRELTHESIh, Ff- Science FEA
ES 2019 F (FHTHE) ITETARVEHFMTHH--+KEZFE=2
—XTL—9R)V—FT-H - A¥—] OD1DIGEESNT=,

SH2FEEICIE, K-D1 BOELZLH4E - ERFNHFMEOKRIIE
HEDH, KD %D TOTAIVRT—ERVARERLSEL T hkIC
FEAEFEMBBENFICHILELEITTEHELS, HILWFRAAILER
T—XT7OEBEELE . £, KE Moore BAEM L EHBESR

(#48121X 3 FER T US$323, 750) £ #EH/ L=,

SH3EEICIE., ER 25 EM S 2 DOFREAGHE % F 1= TG
LTEL-ERZARVERGEREEESEICL->T, HATYNOHT
BERERMEMOERERICRIL., TILFA IV RBIICEK-
T. BRIRNNX—ICZAON-—REELIEHEZERINIT 5FCHK
L=,

FRAAILET7—F7 (MK-D1 %) DEESBERUVURE - £ - 5%
HEOBEEZTNICEDCEREYDREICOVTOH LIMERET
LI, bioRXiv IZFTL T Y FEHRRLIZEET, HRAMGFE Y
HREHY Nature, Science., Cell S5TH=a1—RELTHE
Sh., £t Science FEHAER 2019 &£ (HHMTHE) I2B+2REE
HHTH ET+RBE 2 —XTITL—H9RANL—-FT-HF - A%
—1 DIDIGEHINBEBOA NI FOHIAERETH 1=,
IHIZ, FSHSEEICIIHEBRENES TREA4A NI FDHHT-
HEXOMERR] ITLEHIN:, KERROZNICHEERE K
WEYDOEERILEF. RKEERTUIYILEFETLIEVVHEEDE
ANGEEBREBRDEA, ZLTRHICH-24BHLENV I Ty
TEREIZLERMLAT Yy THAENHRDOEHAEDERICERML
FEEEZHERDEREL 0T ENTEDHENS TEBEHAED
FIU—LYIERR =) —] DEEINLEAERSINTVEIRED
EHTHY. FEEENCLEAIIEREBFETREEEINELH -
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f-& BEFET 5.

EEIEERAC [P EHIfE CHEON-HAHMZANT. SELEER
MOTILFA I ABFEORFTOMENFENT TO—F LihEk{t
W7 TA—FICL-T. REBEEERCBETEMBEORRE
- BEERK - BEEOREEET o 1=,

SHTEEISSTI2FEE(CIL, I0DP EHIMBTEON-HE%
AUt eE THEMERROBNZEL T, KRELEEHDZ
LLWVEAFEFRRE CTOBETHEYDIC1EFLULEIIHOI>TAE
EHROTETRLLEZAONDIWEYHDOAEGFZHEREL. TOREES
DEFTIZHIL = (Morono et al., 2020, Nature Comm.) 21+ T#t
. BETELICHEETH HLVEBEREHOXKERIC. BFH
DIRIILF—PRETERT IBELEAMEMERERLFET S L
DESEIZHITI L= (Susuki et al., 2020, Comm. Biol.), E£f-. =
NETO IDP THON-HALBETHEBEYIRAFEAZHA VN -HME
MBEDARYT ) LBT—2 OWEN - HENERTZELC T, £
BOBEHEMICERT 2MEYDOZHERELA., BIRILF—IREIC
L h 5T, BEOCLTEIOMEMSHEICEBT I EEESE
#(Z5R L1= (Hoshino et al., 2020, PNAS), & 512, =2 H#EAAE
RETHIMEB N JOHEBEYIRED 100P EEIEHZHNT,
100°CZBAHPEREEICEVWTCHEMBENFET SAEEEETRT
MXFEKREITo1= (Heuer et al., 2020, Science),

SHISEEICIX, EETH S WNLFEBEORMERAEGEIEE
ICEWCTEELGIBIELLLSYE - LZ2REOEEEZED. TORRE
[CDOWT2ARBXHEREZIT o= (Menzies et al., 2022, GCA;
Templeton et al., 2021, Biogeosci), EF ;4 I0DP HREIfn:E T-
limit ORBIWTEBL T, BEICI>THHN IS BETEGE
DRFADETE L FDHERICEIIL., HXHEEXRFIT o> (Beulig et
al., 2022, Nature Comm.; Koster et al., 2021, G3), *f-. BE
THEMDORMEELT TR - HET 2L FEBREMFEDOME
HEED. FEREILELRGRENDEAICOVWTHXEEREZIT
1= (Wakamatsu et al., 2022, Front. Microbiol.; Mori et al.,
2021, M&E).

Nb—EOHMERRIE. thERKDA—U T2 —MEYMD<T T3
TATHIEBEETHEYMERRIZE TS TEGEBEDOER] © EE
BY - $EERI AR IR T A EFHNAEREZEC, HEAMNIZEXSE
HEBLBVWFHMEGE-BEIREHRETHY. TEREYDORRE
Tot=7—%7 (GHE)] L TAERHDLVIFELEERKICL L
W, BEREIRILF—ELTHATIERIEZERMEY) LA

FiE - BETA -V —MEYMDEER - BEeDfEA & hEkEdh
DRFAIEE] EWVW--BEIZH LT, STEZENCLEZER &I
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EFIRERRREAH =L BEFET 5.

EEDBRRIEEBRICETAMEMLUNDA A AR FRPK
BAEWYIZDOWNT, TOEBE#ECRELEGOHEEERAA =X L
ICAITE=EREFEE LT, FEBRICKSEGEHD - BEEBREMEE
RATILFA IO RERNERAEDLEAERRBI& > TEBILEERK
AYOKIE - HEBEBMERROBELCZHRETEAH T DEEL A B
—XLDBEEITo 1=,

SHMTEEICIX, ER 1T EHI G 4 DOFREAFTEZ F/- L THEE
LTEfa Y FERKEIZE T HRGHAOTRIGER., RBREANT
DHRMERBRUEBRIEEZEMEL TEDTEFBHKEERR
J—1)—7v FORILSIEERDOEBEEZRET L. R5—1)—Tv
FOEALGEBZERT S2MAZELL THESN I EXMBELRK
AR TIMAZELTCRETHIZMBORICHAER - &
ETIEIANBHICERTHIENTELRWNWNSSA M/ HEBREST
BL. BORRICHE > THENBICEREINS] LW AH=X LA
DEAEMEHIXE L THERRERLS- (Okada et al., 2019, PNAS),
CLA Y RFERKBIZETHRIGHRAOHRIGER, ERENTOS
MEEBRRUVERTEEZEMAL THEDTEEBRKEERTILE
UHADKRITERFLIZIEZEREE R T LOHFEERKXDHERE
SETL. HRTHOHT TKENBELEKE TIIKZFELE., KEHN
ZLERMRENEELRHKE TIIHERLE. EFbokUE A4
UNEELREHKETIIAR VEBILICKEFEL-IEFEREE X T LA
NEET D] LOWSERFAZHRET DEKEEEREMTEILT
BT EITEILE (Miyazaki et al., 2020, ISME J.),

SM2FEICIK. SHNXEEICKESE. R9—V—Tv DT/
L SR T —L@BHZELT. TR5—1)—7 v DO
7Ot ADMREA] ZREMITEHHXEHERLI- (Sun et al.,
2020, Nature Comm.), Fi=. BARBIDDILEEREYMBED ZHRME
PLRBREZEMBRIILETOI YO VT VY EE>TWERE -
INERIIEKIBET Y 7Bl - ElBOLLEEREMBEEDER
EGEICET AHE=TMRIZONT IARBXEHEKL (Sato et
al., 2020, Marine Biology; Watanabe et al., 2020, J. Crust.
Biol.; Watanabe et al., 2021, Marine Biodiversity). 1t & Ak
EMBEOIBEHEETT I FEBERCHHEERODEEMZR LT,

SHISEEICIE, FAEPVCEELWVW S -EZEYLNOEERE
YOEIEBEEEPIREBLEDIEERICOVWTOH-LT/RRE. BFaWIc
BT ThEmLIREDREIL] OB L L LML HiEDFEZREZH
OMZTHHE. BERENGEEICESKEMAEYHEDHEEY
£ IR MERBEADOBEEIC DOV TOREMBICE DU
ZEELEOHE-REICMAT, EEICHhR-5ELZRAE. 8AT—42 W
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B, BEEBRRURHOA IV ABINLESREBRMERTEZSHT
WBEMNLGHEZHEL T, BFIRBOREBLARETHIFETED
HEK-HRBYRRBREBICEITAFREBEERDEE L HELTHELT
M E 2A%KFK LI (Nomaki et al., 2021, Prog. Ocenogr.;
Nomaki et al., 2021, Global Change Biol.),

ARF—1) =Ty T ILEHAIZDONTIE, LEO—EDHE
BMRICEDETICHEBECERNRARZICL >TEENLREICNITT
ZHOBMIXDBERINTHEY . FSHTEEICIEIARRDEM,IZ. X
r—1)—27v +rZEBREARREES (IUCN) AHEFITHLY FUXR
FADBFICHTIT S E ELIT (Sigwart et al., 2019, Nature
Ecol. Evol.). SMSEEICEHTIEVHAEZELIFEAETART
DFEBILFAEREMIZHTHIUCN LY RYR FOARTFHERT &
Bz, HAMIZT—MURITELSRBEL, HRLAGT 2R - 3REMEDCE
mMANDERNA NS TFEBDTA FILEYM=5—1)—T v k]
DEMARZUYRAE., RESE., SHICEOREICECRSAER
LD LN OMELZOREDRIE. BEROHF-LEM
PEHORIREHE~NDBBHET D M) —FH., 2SHHLDEEH
BRELQFIANEFBUOMNCHE—BE_ORNGIE G2 D, §F
ETREFRAHEZDERMEREEZ D, £/-. SIS EEIZA
Hantz NEK-HEVRRBREICE ITAFRBEERDEE L #EE
D7) 1. REEBHRDIENEL KB RDEBEME
THHAIFBIERHEEBEYREBREICBVLT., #NTEHINEELLE
MHERIEEYERROCEEBROBEENFEL., SHICTETOTIZEN
HBEETHEYHMEYBE L OBERBEEEREZE L TEXREMERD
TEmEBRBEOHRELL] 2XATERADZXLIZHH TR Y AT
BEHIMERRENVNZ D, ESICEF-BE-BETD EMERED
Bhy] #HRUMITIRERROEEFHIRT SHENHNOBRIED
I ERAVAETHY ., BE-BE-BETZ—SBEMICHEL
TE-HETILIMILELEWVEEITREFRELNZ S,

BRLIERINOMEYDE T SHEEFAML - AT T EmBEEE
DERPCENECALE-YELEESATLICRIERMANMRDORIH
[ZEEFT, EKPTOAIMBEOER] » TB-EEY 5 ALIHE
DEIH L. HBWE T—5FHEEREN] © I—Hig4E - £8% O
AR OBILE1To1=,

SHMTEEICE. FLOVMAEZAMZBE - #BE L. ATHEICEK
DEGDIKRIRILF—REO—DOTHIAEABIRILF—RBED
BERETILN) YA —BUNRETINA REB UV -BEERA 118
EFOBEEBITHMTOBEICRYBEAL, TORRELT, AT
HOTHER IR F—REFEZERFRECTAINICHERET S L
I LE®RXZEH KL (Berhanu et al., 2019, Nature
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ThlT, ChoDEBKRREZEFR
2025 FEF TIC,
TRBRKTOEGRED T U] T2

ROIRTEZDERE (@)

Comm.), Et=. 1EBEZFH DD in vitro B U\ BRIREEEDTE
b ZABEICLI-H/mXERRKL M (Zhang et al., 2019, Sci.
Adv.),

SH2EEICIE, RABKOANIBKEFS-EBEE (YKRY—
L) OB ERA. BEREOCE VNIV EBARKICEMLEETTH
K HFHE=BITT LM YA —BIDNRATNNA RDORENEIR E KR
BT—2BITREOEEL: GREM, 2020, BEEE 2 HERE
2363 B)o ENLDTNA RERAWNT., RBUEFIREROH -4
HEEICOWTOMBITmX E=HK K LIz (Zhang et al., 2020, PLoS
One),

SHIFEEICIE., EEEXZARLTELIEE (MESH) +5A
THIRROBIEICERYHA. EME) VEEERRZEELLT S L
T. =K 400uM O VEEZ ATHBANTART 52 EATREIZH
U, ATHEORX., 2FYoRTHIOBEAEEFTEHERT S
CICHTIL., BXEBBEET 2z, £, ATHBEREMOSE
b - SAICERY A, FE - BESAIHEEERTD FaLEHT
ICBAFE L. BFHBERUFy FERIE, S5IIRVFY—BREILS
LIFO#EBEEIT oz, —HIBBHIIEEERICEHEEIL., — ML
- AREZ0IH#EEY YR,

Alﬁml$6$ﬁ®3x1*w¥—ﬁﬂ®—0ﬁ%6%%&1
FILF—RBOBEHROEIIE, BE2 KIRIILF—RKE (kF
REBERER) d)AIE’Jﬁ%EJZ’\GDLﬁm"&EE.L@"%’)’F#%T’\%EJZ%
Bl & o1, Ff-. 1 EBEFHNLD in vitro 3 /Ny BHIF &1
REOEELEAREICL-EMRAR L ZTOEELCRVUZOHMZEER
LE-BREIE L —MRRBHHNEERBORMIE. $BD [—5FH
BEfEAT) O T—HIRRAIE - £BF ) OEMEZVYKHCKELERT
Hotz, FTEZ LESEREBFETAREHRAEICE>T, R
AEFICEAESHAE ) — F T 5EMBEOBIRICEN DML
FIEAERT=

RHDOHMEZEME L TEMOFRE] © MEdmEREDHEL)
CRIFLEBFEORIOERE. < NREBBKTOEREES T
1 DRTFEZDERICAITT, FMAFEN ST 6 FEICITLL
TOMRFAEICRYBATL,

BOREEDG=FEBHK] HOBEATHD (H+—4%— -

> I~ J7ZJ MEEMRRTLIIFTIVADRTE (HitEEmE - E

SUEEAZRY ALT7—R ki) & T&RIK/BER C0, iRk ’érﬂ

A'c"t-*'é ERBEKTOEGRES T VA TEMBEICHIT-E
H-E8A - BEERO=AM—ERORIEZIT o1,

SHMAFEEICIE, TEHREDE=BEHK] FOBFRTHH1=5B
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N EREICHTL S 2HBIEICENT: TRA/BER €0, LFEEL
Bl DRBE TERIEFEAFIR) XLEILR] EORMEEER
(Shibuya & Takai, 2022, PEPS) L. m#Fihk MFEEH8/KTOAEMH
57T ORFRANEELHETRERLRELH -1,

SHSEEICIE, TRIBESHKDILFZHEILOCRBROBILIZHE
BIRILF—R., REFER. BERRETOHB - ELTOER) 28
HERICE>TELIMALS S TRBFEHKREICEITHI7UE
ZT7DRRMUBEA D ZXLDZEEE] (Takahagi et al., 2023,
PNAS) L WS HBEITREMELAH-T-. CORREZITT. AR
HAEtEICZERZBIE L IERBRKTOEGRES T A4 FIFEF
SEREL. SHICRODBEETHIRIEBR FHERKTOEGIES T
A1 ERICESAEREL, TRigRBHRKOILEELDKBRD
RIZIZHELRY) VEEZFOW|BTOER], THIEYMEHRYRTF
FOAER & RIREERMRE] & TATEYMFENHRBEMEBEEOERER
RIEHEEE] DDA LT ST,

SHEEEICIX., FH3EEICH 0 BEEMOFEBERHKEZEEL
-EBREHETT CO, DERETXTENLEFAIRTILOERKIZAED
Lf=A (Kitadai et al., 2021, Comm. Chem.). FDOHFEA K inE
ELTEBHIZRESNEA S UVFA—ILOFEREELEHBA D =X LA
X THoT=. FHME6EEIZIE. KEDFEBRKBIZEITHH
BIRZR LK - BER C0, T—ILOHEFEZBEELL-EREITL. B
EER 00, & NaCl /KARD 2HRICEWVWTEY IJT Ut E i &
Li=AB2FA—I)LER (60, + 3H, + H,S — CHsSH + 2H,0) #Z=E:F
3% (Kitadai et al., 2024, Comm. Earth Environ.) & ULM545%
FTREBRELH o= Th=. TNFETHEENIT-oTE1 Ultrak-
Linkage {REXDEBRIEIL. HEKFIZE T HRKR-\BF C0, REZXE
B, BEOREBERER. EREFEAFIRYXLT 7—X MMrER.
RAK/BEER C0, (RERGE E i FthEkA R TR AR &, Bkt
BEICBITAEF EEEECERGFEAMGESEENEZE Y T 112
THMRE. ICEATIARRMNIBMEERERA/XE LTHERRL (Shibuya,
T., et al., 2025, Geophys. Monog. ). MNEBHKTODEMILE Y
FT U] BEEROEBICAITE-RELERNH - 1=,

HoDEMERRIT., RPRIAFTEO CORZEIZE (T 5xHEE
REETHD TEBHKTOERBEES T VL) TEBOIRREZ
NDEZEI] ZRRESELZEOTHY. BMAOHERAXKBEETHD
TEBASMERFETFARKOEMRDFORIK] #2FELEELICEMITS
SEEETEoT=,

MEanDERDIZ=RBHEK] REMEAT D UFOHIKRBIRER
DETPEMDRFURDBFHIKRERLEDERSI AV DT
FRRICAF T, BROMWERRICE IR NLAT Y T7I0—F
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- WIREEHLERBRIZETIHBEDR
BReEBECEIFH-LRBEAOES

ET ) LBRIZEDS vy IO U7 TO—FICKBRIEEITH
1=.
SHMIEEETICEIR - KERDHMIKICE T 5 HHYDEROE
EERTIVIRICEDNE: TEGOME =HEMHER] DIRRE
WOIRELH =M. SHAEEFIZTORREEZHET H2HEERE
ICLPETHEZRLT7 I/ BERTO L RDOERBRMEIBAIZAIL -

(Zang, X. et al., 2022, Astrobiol.) I+ T#< . BOHESIL
—JIC&KDF-HEMNRBROBELHY. TORREEO-1EE
EDEZFMRRAZRETILORTK (Nishizawa M., 2022, Nature
Geoscience) Md o1z, Fi=. WMEMYT / LIFRERICLI-HKEW
RIFMBITIC K > T, HBREROMEAELIZTEVNTEDTEELKRE
R LIEEZZAONAETOHBERE=LICA NS T7—XT7DHEE
PARUERKRBOREICEAT SFH LVEFREZR LI (Mei, R,
2023, PNAS Nexus) .

SHMEEEICIX,. B - TETIICEDOVWEERESHMITHER
DEEMEEEEELESHEMZEERE aEERICK>TERK
SNERMICERTSIZEICE2T, EER - K<Y MILOEE
L ETKECIEEZMERELDOBERICHKIIT S (Kuwahara et al.,
2023, Nature Geosci.; Kuwahara & Nakada, 2023, EPSL) & UL\S5%%F
EgREFELH o=,

SHM6EEL, TKERICEEZ-MIKERELEERAIRVFTHD
Ik KERILEZE (GOE) #BIERI LI=-MEM=EILADEE] &L
SHEIREFEMNH-1- (Nishihara et al., 2024, PNAS), 10
BULDBHZRINE=NITFIUTDT ) LBRIIIZEDILCENITYT
HEIEEDESE 30 L LDAERBEEETFOR FEILDOHEHERE
EHET. NITUTOHEILEAERDELLDERINEEEZHF L
ENYTIT - REBGERED LT ) A HFIRERL., TGOE DILAIXY
T/ NITYTTIEEL, BREER T/ NOTIVTFTERENI T
)7 (ERFREOHERKICEVTREZBFESATULAEL) Y &95%
FEREFRIE L=,

N ERRIT. B2l NEBHRKTOEGRED T
1 OEREMETIRRELE LGS 1TTHL ., BMADOBKTEE
HEREMEERAAY b (MEREGORE, TRILX—FEHLLER
VEAHEIE, LUCA DA, HERDEE L ELRVEZREMDHRA)
DHRMEBEREZESEFNOFTIVADRTEVWSBEEZERT HK
ELEREBRREG oz, TRBAHMEFARBMAROZRSEFDE
Bl ITKESLER L=,

MK EEOE-ABRIZE T3 BEOEFEOCEBEICASIH-1E
FREOBEICEITT, SMA4EEHISSTMEEECHLUTOMRER
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(@)

FICHERYHEAT,

SHAEEICE, TIPSR E2 ) IT&YBkIZEBREONT-) 2D
ToEBICONT, EERERE LB AL, S0 T7HER THEIL
SN-BHEEERELEZIMBEMERELIZ) 2D DVRFOL
Y- BN EERRE LIz, "MNRE) 20T DD BRIEICKRELR
KEEREZITIC LI a0 T ODRBBELKEGERNEGBTH D
&l RU THETHOTEHERFRIZEOAEMOFKR] (Ito et
al., 2022, Nature Astronomy) ') 29 F HEBBREICEITHERE
EHAEHDODERICHKT (Tomioka et al., 2023, Nature
Astronomy) &EWSHFEITNEMEITMA T, it 14 KOARFHX
EREVWSHRBIENAH 1=,

STHAFEEICSIEHRE. SHNSEEISHMIATHAEMOHKESIBM
ERERELESMEERALEZY 2DV 9RBARICET HHXHE
RETWVL, BREOKBRY TN A—2TOS ) CHLEM
NHERUEHREBIHICKESEMLz, £z, ER - ETILEE
[CEDLKY a0 T I0KBRBREICE IT2E88MER - 270
XD (Li et al., 2023, Science Adv.) ¥, Y1959 TD
BREZBFA-RBRERICEITS5EHYMOEBEX - £/ - EEIZE
TEHARRMEBREICRIT-ERELAH -z, S5, FM5EFEEITIX.
KRE -IUF7 FRIZEITHHERNBEDORERLEE. HHIWLEE
C CORELEGHFEAEMREE=NERE) T DERBZEHT HEH
MERENH Tz, 15T, BRITELBRERICHT HEHMMAMAESE
DEMAKRZENWTTUFS FRORBEBICEEED ) VENBET
HAREM ZHRATHOH THLMNIZ LRI (Postberg et al.,
2023, Nature) [d. #EAERL-IRTOHBXDFTHRLFHL
Altmetrics {E=3,184 Z#&Ex L. EEMNICH —RHAKITHERELGA
DIND FEBZFEITRERRTH - THEL., LD TR
RRBHKDIEFELCORBRORILICHELR ) VIREZTDOHKBT
AtR] LRAKDOBENKBRMERNBETRETINS (GEET)
AREEEZ RIFEIRERRETH-T=,

SMSEEFETIC NFPRE2] o T L) 44— TRIRE N
)2 oFHBICONT, EEMERBLEBAL 21 KAOBXEHRE
L (SBICHM6EEICH 10 KOBmXHEKEFEAFENR,). BX
HEKOKBRY LTI A2—2 7Oy FHALEIMBERMAR
RAlBICKECEML, I, £HFEBRTH) DOHEBIREL
TEELETENLIFRAGYWEY 29550 FILhIZHR LK
B (Pilorget et al., 2024, Nature Astronomy). IRERIZIER

(a9 ooE#) AHERICETLTHLDMEOESRPKAIZEK
H5EE (HhekE) BEFEEBRMICKRIEL-KE (Imae et al,.
2024, Meteo. Planet. Sci.) BRUY a0 J oEHM L KEGRF K
DEHRABBEEE LI-E (Verchovsky et al., 2024, Nature
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- TBRIRRICBAELDDH ., MEOHAEE
A—EFRBADEETHEH/NITIT]
P IRLERMGEREMEEZA OGN
SREEY ORE - EEHLAEDAEA
(®)

Comm.) [&. B T7HRAOARBFOERENKE . BRI EF
R TOEROZ0OWIE - E2EE QBB OBV EETDNES
EVTADERIZKECERTIEELGHR LG -z, £z, B
SEED (TU75 FARFEOERE) VER] ITHE<. T4 3
FRAOREEBDNEZRE) T4 5EZAHLTORGZHNNEHR LI
UBLIMEERTFRDOGFEEZEHEER - BRtEICL > THL,
[ZL7= (Tan et al., 2025, J. Geophys. Res. Planet.),

NoDEMERRIEZ. EOLSITKERMPERIN, ZOHT
EDESICRIBMERCEFZSTEMORE BN EREZETX
ARIRBEHELEA 2D, LS —HROBEGE~DRSINEREZE
BAEHYGEBEMICEERE SN ABFEIREMETH--. Th
SEFDOHERRIE. HEUNDKBRREIZENT IHFELGEI R
WX —ROTRICEALESHELEERMZEZRRBRLS 2EGORELE
MEZN T HOMBNBEORREGFE] ZHALMICLIZ, —A. 8B
PADIESG - 8 - BERICE O TEEXR-KEROKRK-EFIRED
Bl X TEMEEST VA OMTRREL. THEERA R (L HbERIETR
DEHDMFEZFIAL TR SFEORBHKREOP THREL
=2&] @< RY, COZDODAHMRMEIEHFER/E LTIEFET
52 ¢, RKEBRIZE TS EBFEEETOBBREICEAT SFHLWNERE
BERTT S, ARRAGTEOBMADOKEL. T#ERTH, HBERLS
TH, BENEELEGINBEENLTEEENH D L] ZHOMIC
LTWAS—AT. FHIZCZENDESICHEE LS AMYHE &1
BbH UG TRIBMERTIIZDKRS - BFRIEZHEDOT THE - i
HOBHYANEBINERITRELI=2&I. LT IZ0HEKE R
MBEMRCESRHETOELANFHORBRICEVWTHEEENH
52L]1 ERTIDENZD, CNFETORERIEX. CORFIZEL
THESGMERREITMIEZ., EELEHIC, BHhEDHICEHS, HAT
RLAFHNLGRZERORMBESZU VAV -HREBTHLIZ L
FHAEICRIEDENZ D,

ERDBRIRFEEBRRICE TARMOMEYMDERR L E D AEEYE
BEDMEEA. #IC THRIRKEICEBSE L DD, MEOHKELS—ITH
DEETHANITIT) P IRVABHCERENEEZOND
REEY) ORE - EEBEOHAFICAIT T, FHA4EEILT
M6 FEICITLUTOHEFFICERY BA T,

RSREBRABEECPERENEILFER. HHIVFRGEX
EEBEEA. EVOEHEGRERRREMNE. ZFFAIIXBHE
HAEHELAERCE>T, EREVORBRELG 2 127—FT &
LTEBENLGALIREBDEELETH DT RAAIL KT —FT7
E3DEMIRILT—EBURATLTHLIEREHMEDIZMAT.
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MBRIREICBES LD DL HELHELA—UVUTBEOEETHDH/\Y
TNVT7) O TRLFHBRNEBEREMEZEZIONDIEEEY O
B, THE - £33 - WEEDRRIE 1T o =,

SHMAEEICIE, 15— T2 —WMEMDIRR L EEEDER] (28
WT., TERERBEOHAEILL] ITEFE25XKARN FTHS TLUCA
(Last Universal Common Ancestor : % 5 BEMDHBEDHEE &
EZDNTWAEY) OFEERA + LUCA £a#)HiElE] (Mei et
al., 2023, PNAS Nexus). MWl GIRILX—Faml KU TEZE
MORE] ICEATHMBEBOAERDER - —i%1E (Imachi et al.,
2022, Nature Protocols) [CHRZXT. SHM3EEETHRZEREL
LT IERZIRIILFT—ELTHRATIERIEEZARMEYDD
R - EIEMEEDARE ] L IE3DEGIRIILT—ESHR L ERE
ZMEIE] %#ER (Yamamoto. et al., 2022, ISME J.) ¥ 5&Lvo
HEHAMNISEE SNEZBEIRERREDEIELAH o1z, Tz, 2l
MICEHENIZIEBOTEELGI—I I3 —MEYHED—D &L
TEALDNTULWAHMEYEREEBORLELIMEYMHBELRIETA
T ZXDHEHE (Miyano et al., 2022, Materials Trasact.; Wakai et
al., 2022, Front. Microbiol.; Wakai et al., 2022, Materials
Degradation; Ihara et al., 2022, Microroganisms) IZH R Ih L
fzo CORRIE. BEHARARIBI T—HROZEMAMFEDEERI(C
RITTHRYMEATELEZMNMUEARNRELHESNFERRDOIBO T
BELGAROICGDSZLETRTRKELGHIBIE G o1,

S5 EEICIE, BRREICESLDDL. BELHEELSA—UF
BOEFETHD N\ TIVT) ELT, IRERBVMEIEYMDIESE - DB
CFDEBEEIBOREBA] (Hirakata et al., 2023, ISME J) % 3%
EZEREFD=HILER ] LERXEE=VDOFYV—LZHVHR
THOTORERMEMDIESE - 281 (Tsuji et al., 2024,
Nature) EWSHEHEITREFRELAH--ZITTHL, D @A
HIEVWEEFREOMEDERN SELFHEHFE RNA DA IILADY
J LDFER (Urayama et al., 2024, Nature Microbiol.) RS
FEHOT YT EEHBEYTOEZMEY (HE) OZHMEDAEH

(Varrella et al., 2024, J. Fungi.) L3 F—U T2 —ME
MOERCHEEMBICKECERTIHRDEIELH >z, T,

RV RBNEBEREMEZI ONIEEEYORH - LB
R ZRAECERSES BEREINOCDRBMEREENM T« 7
ORTDIEE - DEEL )R —L RNA DEEFHEBEDEHHA] (Yabuki
et al., 2024, MicrobiologyOpen) & UWZ\>F=MEHNH 1=,

S EEICK. SHMA4EED IEREIRILE—ELTHAT
AESIEEARMEMD RS - SEMEEDREE] (TfEx. TSR
EFEICBITA2EREREERDFE R (Suzuki et al., 2024,
Nature Comm.) &EWSHETAREHENH o1z, T, TEREMD
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EBEELG-7—F%7 (GHE) CEATLIHE] OEEE LT,
'Promethearchacati R D FE R & L& 1 (Imachi et al., 2024,
IJSEM) 4T o1z, S BIT, BRIREBEICESLDDH., HMRELHEEN
—UIFRBEDEERTH S/ TIT) ELT, INGT)T7OMAIBEER
POHERET DN T TORELGA I VEOMRIKICEET S
CPR NU T T DIEE - nBt L ZTDEHEEMEEDAER ] (Katayama
et al., 2024, Nature Microbiol.; Nakajima et al.. 2025,
IJSEM) L WS HETAREHRDBIEZE LV, 52, THEMND
AR —LHEXTEHEMEYMDHFE R ] (Huang et al., 2025,
Nature) &ULVS5 ., HBREGREDEREL A N2 FOEBMBOREK &G
DEIGH - EEMZHENRIEA DX LOEFE NS -2HEESR
(TTHL., BEICETHAIRILF—FROREA - B1EECEYBR1E
Y EEREARMICEBI LI LETRELIL—HVRIL—ELESBRT
EENMEISRTEEZFLVEENH 1=, MA T, RILIFEBMLE
BEMEEZONDREEYORSE - £EEEEOMAEBA] (TBHLTL.
MEF— 0 VEBILEEZE D7 FAKRSHBEEEYDIESE - »
Bt L HSEEAZBA] (Yabuki et al., 2025, M&E) &S5, 44— <45 —
FEEYORICET—D 1 DBEEEZE DEVMIRELHFET S
CEETFRIDEFNLEEELH -,

s =933 —MEYMDEE - S8t - BEESFTE] ARIEK
FRAGE CTHTFL-IRTOIZEEELTERT IHERLRERE L
EAb. BEIREHROBUCEAET HIRFICERA M1 /NI +%&
ZELT. =035 —MEMDEE - DBt - BEetSETE] AT,
ZEELHIC THRIZCE HE (BXR) NEETEHEMAEHI &H-o
f-&LBEFHET 5,

FEIFEC IDP EHIfBECHEON-HRHZANT. SELESER
MOTILFA I RABHEORTOMENENT TO—F LhEk{t
M7 TO—FICL>T. REBEEERCBETEMBEORRE
% - BEERK - BEEOREEET o1,

SHMAEEHNLSMSEEIZIL, I0DP 5 343 AfETHLONT-HB
FEHBEYRESAH. LriREPHEEEOBEKREETL— ME
REAHEINCDEBETHEMERERROEFEERK & fE A

(Kawagucci et al., 2023, M&E) +>. IODP %5 386 XfBTHELN
= TRZEHIE ERREE ¥EYVRESHOBETHEMERER
DEEEEOMEEDAER (Jitsuno et al., 2024, mSphere) &LVvS
BEITRERENH-I-2 &2z, 10DP 5 385 AfiiETHLNI
TJT7ARRBRABKEGHEMREOREAIZHAZAVERERED
WMEYBREDEE -MEEZBHESANIZ LT (Mara et al., 2023, ISME
J; Mara et al., 2023, Nature Commn. ),

SMEEECIE, 51E4H= I0DP £ 385 B THONI=TIFTAT
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A BRABKEHEEYREOREIGEHNZAV-RALEREDREE &
BEOMBEEHED., LT ILEIL LA TOMEELEREPRGEE
DWMEDEERRBRICE DSV - HMEMETHORRELEDOAER (Meyer
et al., 2024, AEM; Nagakura et al., 2024, FEMS Microbiol.
Ecol.) VERMEMBEDIEE L HEEDEAE (Mara et al., 2024,
Comm. Earth Environ.; Yamanaka et al., 2024, Chem. Geol. ;
Aiello et al., 2024, GCA) ICKEZHERLAH 1=, T=. ZHE
10DP B Z AL T KRB G HFEY P DO HIRGEE DNA O E 470N, 10
FEAETOHBYRABICIEITIIAELTIREEIZE S 25 eDNA AR
FENnTWBZ EF#BHSMIZL T (Hoshino & Inagaki, 2024,
PEPS). LEEMIZEDHEBFOHIREDHIROHERIZE VT eDNA 2
WA KREGEHIB[ELDIEMRLE,

NODERIZ. SHSEELETICERLI-EEBEHRRZEHE
T. IFE-BETY—U I —WMEYMDIFEER - HEEDMEA & thEk4E
MOBEFILE] VWL -BHEZIIHLT, GTEZENILELSER L
BEIREZRRBHEDIEEL VR D, BETRERROHCEET
BRBICEZIA Ny NEEELT., IFEB-BETF—UI32—
MEYDIFER - DR L MIKERDORERILE] AKL. BEL
HIZ THRICEIHE (BR) IEETIZMAEF) LGo1-&B
Y %,

EEDBRRREABRICETA2MEMUNDAA A T 7T~
PJAI770FICDONT, TOEEEELCRELEMOEEERAND
“XAICAITEHAEREE LT, FEICKIHIGHA - HIFEER L
MEZATILFA IV RERMEHRAELEAERICE > TEREEL
FEREYOKEE - HEYMERROBECZSHREZEAHT 2 EUE
A D =X LOBEZET 1=,

SMAEEIZK, A==y FOBOEHERRDDETE

(Isobe et al., 2022, Biomacromolecules; Isobe et al., 2022,
J. Royal Soc. Interface) IZRTHL. 20 FELUELDHAEIZEITE S
NERG——2Jy MAREOF-GEREZEUIYRLV:-, £/,
NETIZEONET—RIZE DA Y FERKEBAOITEARTER
KEIZHE T HIEZEREMDOEMHIBIZRET 5K RAMIEM (Zhou et
al., 2022, Diversity Distribution; Brunner et al., 2022,
Ecol. Evol.) &EWSHEIREFELH -1,

SHSEEICIE. SMAEEICBETHEZTRT—1)—T v bOFIE
HOA—FEEA DX LDEILLEBEDHEELEREETONAS
A4 FERKIZHTI (Yamashita et al., 2023, Acta Biometerialia)
L. R5—U—Tv FAEFLICHFLWEHZR Lz, 1=, EMH
RENBET 2B EEYDORERE D BICEHT LIFEMOBREZHIET
ERMGTREEFEL. RERXZEHERTSHI LT (HIZIE Rogers
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et al., 2023, Front. Mar. Sci.; Sigward & Chen, 2023,
Bioessay). EEMAEFRECERBERFREDEEK L NGO FEN~DH
EiER (Bl ZIXEED Digital DEPTH A< x4 k. Ocean Census
%5 Ocean Shot. Senckenberg Ocean Species Alliance & ULy> =822
Y bID—9) ITKELGERZEZR- LIz, 612, §TN4FEEIZE|
EHRE. AKEFRKEECESFEISIAEA Y FEICBITHEE
EREYMBEOEYHIBOEGEHEICET 2K R0ERH (Tunnicl iffe
et al., 2024, Divers. Distrib.; He et al., 2023, Ino.
Geosci) 71+ TH LK, ALBANFEFEK - BKOAITERT HaF
JIEDEBEGHEGELCYB IO ADEER (Xu et al., 2023,
Mol. Ecol.) EWSHEITREFRENSH o1z, MA T, HEOHE
FICk>THLMZSIN-EARDFHMABIE (Toyofuku et al.,
2017, Nature Comm.) I[TEWVWTHLRBROFFRSIN-RERSF
HEBIZODWT, XBEFS VRV YT —LILtAZAEALTHETH
ODTHLROBREKICELLIEEF (FUNVE) ZHBETH L
2z L= (Ujiie et al., 2023, Sci. Adv.), ZCORBEIF. B
B THEHHEREYELORZIESRIBMEMBREEY © T4
MEDNTZALL I ML 0T EEREETILEY LTO
AREMEEZ RIFEIREMB LG T,

SHMOFEEICIE, F—9 I3 —BEEY=FEBFEYDIFERE]
IZ2HEWNT, HAS5/8TR;HD Rose Garden EKEMN S ME=1-tH -
Bifgf=xrAEYF1 ® 60 EXYOEBFRRICHIILI=Z & (Chen,
J. 2024, Molluscan Study) ®E L TEBDAREKNSDFHIEDEIR
HORHPEVEOMHE) OFER - i8& (Chen et al., 2024,
Zoosyst. Evol.) EWVS-HRMITFEINIKENH =121 T
B, ThoDEREZMAL-HKEASHMEAERD YT / LEFIIZE D
1-R#FEILDIKRBOEERR (Chen et al., 2025, Science) &ULVS54%
EIREFRENH oz, T, BRIRRBICERTIH5ABN, 1
VERIEE VLT F U UERORY ) VBEOR THRRNICER L., Bk
SEETCOIRILF—EHBICAVWTWSZEEZHRE LT (Glock
et al., 2025 Nature), CORRIX. REFTHDFEFETHLEEN
JOMERODKEZRACELRZFALLZFHFLWVRE Y VERER
MTORARICEHEUMN K ATREMENKREL ., BMAEZRERT HIHETNEN
Rétot=,

NhoDREIX. TREBOTA FILEYM=R5—1)—Tv ] OF
MARZESISICHKBIE . BBROFL-LENLPFORIK LTS
~DEBHLET I L) —FH, tESHWMDEBMABERELFTEA L
BUODKHELBRIBIE Loz, T, [F—U T3 —MEYDIFE
R-IEE -9 FITHEL, 14— 2 —BfEY=mEHE E
MOIEFE] . 5 (B48) ROZMKFOEIRK [THUFL=C
EERTEEEE G oI,
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- BERLERMOMEMODE T SHEE
MU AT ERBEEDEROLE
S[EFEEROLEMEAEERAL-MELE
EVATLIZRIEBMNMREDOAH
(©)

FITHRY HED,

ERDBRIRFEBRRICE TARMOMEYMDRR LT DAEEE
BEDMEE., FICEHRLE-RMOMEYMN AT SHEEZAMLIZAT
E‘Jﬁiﬁ*ﬂ%ﬁ%@fﬁﬁib%ﬁﬁ?éﬁi@&%ﬂﬂ"&FE\FFJ LI-MEEES
ATLICRAPEBHMRADORHEEFICAITT, SMAFENM>TE
FEICEUTORRFAEICRYBATL,

BRLERINOMEMDET 2HEDNA RIL—Ty bR 1) —
ZUTRUFT—HF—AA FAIHMEBZAV-HEDHETE - ERER
BERICIRYBAT,

SHMAFEEICIE, H#HFEODO B VEEER LHEREZBEE
THALMBEDO#EE] O/ (Eto et al., 2022, Commun. Biol.)
EVWSHEBETREREND = FTHEL, AZHBEAER IO o
I EEBREREIEL-AERE Ty FRAFKICHEIIL Tz (Shimane &
Kuruma, 2022, Front. Bioeng. Biotech.),

SHSEEICIE. TBEoRELART S (B2EHET 5 ATHEE)
DEIRL] D=, RKIGEHED) VIEEERREEZFEY tEU Y
[BEE/NMIICHEL., UUBEBEABENTRELTAERINS AL
FOBEFEDN-, ATHRRATERINE2 VRV EFERANE
BI HIEMBEMORAREIZAII LT (Matsumoto et al., 2023, ACS
Syn. Biol.), Ff=. ATHREBMOICHYLFER (AIDVFUH
BORSYTTIN) = XTFLORE) ICHEITT, BEF/ HF
BEIZEEDRAUNVEZIRRTHVATLHARZED-, AT
Nanobody (Nb) #ifAA. ZMIN FIFEMICHEET S LEZTRTEY
18z SNoDOBERIZEY RBESNEE SRR (AMED-SCARDA) %1%
1=,

ST EEICE. AP RBFHEICE ITSEHFADOEZEBIEZEND—DOT
Hot- TBKPHDINIEBRETHETIAIMBROEE) %
ERRT AR (Kuruma et al., 2024, ACS Synt. Biol.) MdH -
=0 F1=. :hi’&@ﬁi%”éﬂ’é‘iif:AI?’ﬁﬂiﬁﬂﬁiffﬁid)FSﬁibﬂiﬁﬁ%

(AL FUEECRS YT TUNY) =X TLORAFE) 12T

T. ZHONTESIFER FEMREIREERX (BHE) EBHR
B ., BAEEWMEHFEEE (AMMED) LiGERARMEHLETOYS
S .. (ASPIRE)) ##&1-,

HROD B VEEER LMERBEZELEET SATHBOE
F) P IBKEHIWVIEREBRECTHETIAIHREIROBE) &
WOBETRERRNHY ., ERTAREEEZLELIER EKRA
HEERLE-EBDEET 5,

éb(~~ FA*Et.ilﬁlif_*%o)ﬁ¢l;&( I"'J('J'T_/ﬁliﬂﬁﬁ7°7 v k7
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ENS M6 EEICITUTOMERREICERYBAT,

SHM3EEFEFTORMICEIZHRE. BKELR - BFEFHMEL - &
FTSRFUOER - BEEERBILL V- ANEEREEEEH
OFERRICETZBENA TS Y b7+ —L0DER EBFRE -
HERMROEFRAZEHEL-ME - BfiFARICIRYEAL.

SHMAEEICIIEBIIERBTIVA IR TSI RAFYINEEBEY
ICEZBHEZBIZTODWTERHOEYIEDKHE - HEMNGHE~DEE
#4FE LT- (Bouchet et al., 2023, Environ. Polution; Ikuta et
al., 2022, Front. Mar. Sci.),

SHSEEICE., 8YMTSUI b ERAMUVDTSAF VI ERE
OBEEMICET 25K (Alfonzo et al., 2023, Sci. Total
Environ.). BES I UARATOROAT S T4 VI AASA A=
I2&BTSUO b ERAVPOTSRAFYIBINOHHBORSE

(Takahashi et al., 2023, 2023 IEEE Underwater Technol.; Liu
et al., 2023, 2023 IEEE Underwater Technol). #E¥<4/4 o075
AF v FBEEOTFKIBEL HRXAERLEDERRIILERE (Mofokeng et
al., 2024, ICES J. Marine Sci.)., MR ZEMNEED I FLARIC
BAMICEMRT 2METFEMAEROMAFE (Matsuba et al., 2023,
Mar. Poll. Bull.) EWo=BETSRFVIRBHOBIREERER
DHEEFERICEAT 2EHNLGEREZEHEIE LTz, £z, ChET
EFATIX. FRRHARESBE T IR F VI DEMEROCEENEIR
BEBRICRYBATE, TO—DODEERELT, £0HEHETS
AFVIDPEEMILE>TEF - FERETERICHEINDLI L
FHATHOTEIELIELEITTEL., TONBINEEORIEEME
MEBORMAY TRATIL - TILA— D RERBEOMEIZIKET S
CERETNLDOMEMENALBEELENHERTIEE, FEIA
EZHEMNH o= (Omura et al., 2024, Nature Comm.), X SIZ. &
FHEERRERAEMICERINIANAEREEMEFLICEAT SHL
W& R (lkuta et al., 2023, Front. Mar. Sci.; Ishitani et
al., 2023, Environ. Pollution) &Wof-FEMNEHEIH ST,

S EEICIE., BBICEBIT2ENBETSAF VI OMEYMS
RICEAHL SMFEHREN DM A MEY B EHERCHEEZHEOMNIZL
1= (Suzuki et al., 2024, Polymer Degrad. Stabil.; Suzuki et
al., 2025, ACS Sustain Resour. Management) 71+ TH<. Boh
FESBEURHORELZIREER. EWMHELTEOREMNERE T
—RAR—RELTRARAL, =, EHOKXRENSBELE IO Y
FEEFHL-#EMETODS Y FORZMBRELCERZARRMIC
T OB EFHKF LT (Isobe et al., 2025 Curr. Opinion
Chem. Eng.),

NOLDERIZ, XEASESTOC Y FORREHET. 8
FTSRFUIEBNBEERERANEZ ZEEOBRICAIT-RZ
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B ROREBHEIICKECEFTETSHEOTHSEITTHEL, B
EDBEBFEERDEEOKEDH LV EREZL-LTHEITREE
MRRENZ D, Tz, CNETOESBHETSFVIIC 551’)61‘%
BE Oz FOMEMBRECEREZRRMICELD-REH
XEHFRLEIEE, AFRGFHERELMNCBELGEL,L 2 TA
FEREEEEEHOBRICH T -EEERREEETRAD=HDEE
MATSY b I7+—L0DER] EWSEEEREFREIMESEL
LH”CQ( O ERFKBEIZTHS BEGIHMERAREIBMARD
EMAFORIR ISHELELET TBFEISRTARIATOEMRL
FMER) EMZBZ EICHEoT,

MAT, RERAMBRULPEREAZTEDOEREZTNICET HH
BDA—ToH A TR (EEEERZD 10 FEIZHT5S TBLN
=31 © TBRNEE] T—<ICELIBERAEORTEL) ORHE
IZAIITT, SHA4EENL~FTHOEEICIIUTOHRERFKICERY
HAT=,

FREEEIZHD TBEFAMOBER] OFEKICEIT. REZ77Y
DT+ EZ#FRALEAIRARRGHREBRE ZORBRICEDCEFAH
DB EDPFHADOBRAGERBEER VEIHF 1T ZRALEIREET
SEEBIT, BRRBTORM)—F - I7ar—YavIZRY A
1=,

SHNAEENISEMSFEEICIE, BEAERMAROIER A
RUBHEYR—F2—%BRTHEMT, VIP KREREERME (&
%:7*—@&%@)w%ﬁL\%EFLAmW\%WJWﬁﬁik
MERNE 8% F4@0AFoa774 MRE) ~AYEBZ. F
BE1 L+ KRERE 2B+ FEFERBRBROEFHAEE 4 B85 EK
L. XERE 2L+ FBEEXRBREFHAEE22Z TLALL
6500 BMABEDRERICHEVFIT=, £, A REGHESICER
ShEEHE-EHXE-BMNITHEMICL I EEOEBESENTM
Sh, NEFOMARIEICET 2EREBRAESICE T, HZEHERE
DABEDEBREFE L THEN éhé(iotoébk\Tﬁh
J—F - ITTalh— /EIJIE?JJE TBICHZ DR =MXFERLMN
HRELER] ITHUMITEZEIZE2T (BB, BH‘“?SI’%E)T%"’L,
2023; SIS EEBAREMERES T0bHETHXEETHEHMTY
Al PEMAEBEREBE C), PO —F - IFar—2aVIIHERER
DEIETIILHLCAETHSEFABALE-, MA T, SHMIFEIC
REMTEZEZLHLEEMNaIT7HERMOEFTLEAEEX. 70
AFEELSHNSEEIC2EOEMECLHZE. ERTOREEZT

. —ATE 2,500 ALEOREABIZT O M) —F&ITar—
aAVEEETOEEEERL

SHREENCSHIFEEFTERL F1E~EIRAFY
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hnlckY, HRAOLEZSFICET
SERMLTRERZHELIHNFERRELHL
WA Z & . BREE - JBIM R
REAROERERES D,

774 MiE] CAMSEEICERL-ELABETO IE4mAF
>aAT774 MRE] ICEIEHEE. EBERAE - BHRAKO R A
RUBABYR—2—%FRT 5=HIZ. TLAML 6500) FEM
BEAMALLABREFAMBERORMMEEZEREL-. S 6 FEEILE
HEISL+RERE QA+ EEBEFEXRBRONBESTHARE 74
FEMSE. FEEERBEEG6LZE TLAML 65001 EBHMAED
BEICHEUVU Tz, LS I3EEICEMITHEMISLTE - £t
L 7= TJAMSTECS0 BAEREEITE I R EVEFE] (X, YouTube
% 28 FEFRMS. {AREEE%L 34,000 L EtEZERKLI-BR7Y MY —
FoITar—23rarvToYTHL =N, FHN6EETEFD
[TREGVHEFE] OLEERPCHREADEROEEDEESE
BROHBRIZHT HRZMNEREMEZRXE LTHERBIRIZHEU DT
1= (Tanikawa et al., 2025, PEPS),

FEFEMERRZES RERAMER] T, PRFTEFIFET
DIFE1~SEAFAT7A MUBOERE] © [TRSGEVME
FEROTE - Eifl OO HFEIRNEELEREDRICKEE. bR
HEtEZE C-EENODBEANGET O N —F - I T2 5—>3 >
AN TNREFERESETCOSEM] » THEARED Altmetrics
EnmLE], 54000 AMMEL DT M) —FRHEEHICEDL THED
RHMEP IS T« o7 lERLE] EWVSFHECERDRICEV
fFvt=, BIZ TE1~3EAFUAT74 MUBOER] IZH < E
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+2° LINTHEDRFICERILIz, CORKRFK., FyForoHR
S—THUoTOH T U TICRBELLBZRBEEZRE LI LER
_'j_o

KB - HEABRESATLIZONTIE, BXREZELEDL—HTIL
ZHEI L. EEDEAKEE+0.002°C, 55 DEHAFEE 0. 0003 S/m
DKBEDEHORENAIGELE G >-BEREZEAL-, bt
T. #EBA®D Argo 70— P2 ——RUVEARAOKF Y1 —H—
NoDEZFZT, NEMEAZEREL. [IREFHHFDOKE - ES
REIZKELHFE L=,

NETOERPEORELEIC. XEDNEEL (RLBEER
AR HEERE (RFEx : hELERT) Time Reversal 12k 5 KER
Bt MIMO BIEDHIE ] SHTE1AMLHMSEIAH) ZEEL. K
EAHARBMDTILFINAY yFRBEICEITA2KPEFEEEDEEL -
RIEBLICSOVWTKRBELEIIMEZED TS, £f-. TNET
DEBEHAEORREZEIC, RKEDNHES (RERERMTHEHE
HIE (BT BHEEMT) MNGbpsx100m @ BL HBEEMT ke
HIAVLRBEBMOHAE] (SHMTEELNLLSHIEE) 2ER
L. AIRRAEBICE T2 BEHBEHROEDRIL - ERELIZEET S
REBNSA—ARUVTIVr—2a 0 E LTOREFRICONTE
L. BEABRICTRIEZT - EHER. ChETITHL
1Gbps x 100m D#BER1L - RIEEBHEIR (LEKEE) ZTERL T

FTLAMDLY 6500) BERAICRATEREEEE (EREEEE)
#HEL, THROBEZEEZFKXE C LA S 600kbps x km & LS HER
REMEOEEREEZER LIz, £z, KBV Yy XKR—ILBERRE
FNLDEET. AEOEREEZ. AAEBKK T7ILEY) THE
BHICEHL., SEEEICLIEBREEDERICEAILIz, 51,
BEBEIILNTIABSI VIV ATLIZEH L, MAEKE
9,230m DEITHRFDBEMENTEONDS L EHR LT,
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(A) KRKR - KRERAIXMTEAZ
EXEREAND_XLOBRH, BE
T TAREDREOHEDRAFRE
DI72ATATADOHREIZH T, KK
R RRETOREHZMCZOBEER
i, ANBEMERR R LXMW OHEILL
EETHD, TOEH., ThoDRFEM

Z—XEEETHEL BT, BREGEAN
FREEBZHEO L, EITIRELRFE

BEZREL. REMICEES S,

BRBIICZIE 2021 EEF TIZ, EHED
BBRBIOVTHEHEEEZERT S &
11T, FhoDMREERIEEa T VY
SRATLDOEEIZA T -EBE TOEE
HERZEICIYMED,

ThIT, HEESRRERFA T 2025

FEXTIZ, FEICEARL-EBEICK
BRKZE - RKFEETOEGESIEAIIZA T

EiE#EBEICE T AR BFOERTEY
RS,

Fr. AP RPFBEEHAMZEL T, £
DA EEI <R S5 E BT HRMRARICERY
HL.

BERAODIT7IYUIY—ILELT, a—EVEBEHOT7Y VIR
TLIZDOWT, Fm5 30 F 6 AICEik L -RigEHBROER & BT
L. RERALEFORRNDEGHSEMELZ, ChOoDREEH
FA. FHMIFICHRFEETL., AERZHMEL, HEaOF
VANABRREDZE THREICKMAZELLZN, HREIHARES
MAFE2AICEKEL. AHEOHEREITALAS. OT7ECORER
BISOWTOH=LGREEZRF .

FAYP =L RTFLORKFIEDEMEARE LT > TLA, $4
EERIZRT—UHF—FEEZTLV. BFERAXSEESEBFEYNEZE
RIZBEVWTHMY FLOoN-AHEREEFZ. T2 MLBHOELE
PREREIYILEBLIELEND, ARAKORT 2 —X~DBITIE
hitg5Z &L=

A—EVEHaATY VT VRATLIZDODNT, SHMSEELYHER
ERETOPE L MHREABRE R YR LERLZ(EN, BEITEHERDIZOH
ISWHBELELDIAI—EVE— I —BEMOBRERDBEER LYY
TAVT A —DHREFEDT-, SM7EEICELDT) U UHE
T, PRTLORREREZHEETSFETH D,

EEREME D /IME Rotary Core Barrel (BLTF TRCB] &ULVv5,) 2
DVWT, A VF—NLILDOBEDRINRETH LA, &Y
BMEDELRCBB O vF—NLIILEDRBLEZRY ., FhiZEdbHE
2703 —NnN—UL)ILEREL, £, BEEARZTL. 27HEF
MCEALEHERLI-LET, JTIRACK [Tt L. BFHa7EINFE
TULDBEWERETIWMET S ENTET,

BB AL UL/ TR T AE LT, SERIEHMERE - #
BOGEERBHETL . EERATFOBEQEMRE KU I/ TS
AT LOFI LT b ERT UEHEHELL,
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REHIBRMEARCOVNTIX, ERFTEEORKR
MEREELOEE,. BEOZESNER. HER
BERVERARBOAAIVIEE2BFEZ-L
T, AT—UH—bEBERETHLHE. AF R
HEitEEBIcsNT, O—F3vyTO7v T
T—rEBEYICERTEHIENTET,




(N) BERAETS YL ITA—LDOE
5 - ERARUHIMHIR L
BWEBORETIBEAEIT Sy T+
—LIZDOWVWT., BAERFELHEMLGD
EFIIRLTReM., Z9E8FFHEKL
DOREMITERT H=HIZ. £T5 v
PO+ —LOBRBEHOHAEHRZFLSE
BLO2D., M askeem LICERY
G

HHEBEROEEY —ILTHSD Long Slips DEHTO L2 A THHE!
%47, Long Slips ADMEICHBETHS Lifter DR RUR
EH1To1. ZLT HZD 51 ICTHELETNY R VIEREST
LY, Long Slips ®U Lifter @ T5Ew 5] ODIEBIHEES & DiE
XFTCOEESHOEREZTL., BUHBERNBSERET Lz, S5I2F
EZAELLT, IDP EHI IOy MZEEIZERL., EFE -
ERETTOEMNEDOHEZRZ1To1=, — 0 IODP fiiiE(&. Long Slips
kU Lifter OFEAZRMHRICIEBIFTENILESINTE Y. RAAKFHRE
. 10DP fiBORIMA~AEELI-EEZA D, TLT. ERETOEY
HRERIZEK Y., Long Slips BRU Lifter A, T5Ew 51 DIB#ERE(E
mé LTOERZERIE LI,

AVITAI T4 RBHEIC AT LEBEIZARITT, EElIT—2 &,
MEBETILORYIIINA, TEAF IO RBREERELI=NATY
v FEWHFEICK SEEIKREBIREOFERARERUVUZOEDMEDOER
EHEDHz, BEEBEORRFTHDIIME (KU THIEAIALD
RTHEHELEY., TFEYRALY LTI GCER) ITHTEIHF
EICEALT. BAORBERBRERENSFIEZHE T, HETOM
RRFMZEDDICE->THY.,. BHERTLIMZEZTIHEZE
Lt

SHTEEOHEOHEBERE EBIC, ZRELRMERD-HD
BELXEEBARHEZEBISIZLFZBMIC. ZREHEOEKRLLDHER
EHE -RE- REIARTDA UMYX T L (LT THSQE-MS) &Ly
D,) ERET-BALL, 'R2H4% -1RE - REICHATSEXRA
] ZFRIRI AR, SHMIFEEITHRERMD HSQE-NS = =27 I)L %%
FL, BEERELOY =27 I/ITEHICH-IBBEEFIBEERD
FH., ENLHICTE DV =HRIGEITO 2 EICK 2T, ARMM D
MG EREERL TS,

AR REEE (FR3OEFEE) £T 15Fw 5] TEEMICHANT
E-MMEOREERDERLLGDHVRITRAAV M, KR
HE BN EMEMEBICEALEZ, MBSLEDVRIT7ER
AVFOHRBREFZREL. URIVDER. EE£ERAOELSMLIC
BELTEOTWS, -, HTLTMEBEEREED—TILZEM
ELTARDRHGTE ALY BAZRET LIz Marine Facilities
Planning (LAF TMFP) &ULv5.) ZRAL T, £ 6 FEICILHER]
BRI Z7AIVNIZCTEBLTERLURIT7ERAAY MIBET 5EHE
—EEEL, RSO REMFEIL L=,

Health, Safety, Quality, Environment (KL THSQE] &LVvS5.)
ICBEYT 2EEFEDRAM - BERVLITEBRILEZBMIC, THSCE =2 —
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AhREGTEREENS. HARMOERRE
L TE5Zw5) OERBENMEESNIZZLIC
KU, TNEFIhOME - BERZFHNL T, Ml
DREEEBEMOCRTER., ZEHBIOXER - #it
BMEICEOHREZENTE-, BERMIZIE. B
AIREFEM (VRIVT7ERAV L) O#ESK
ADBAL, HEBEVATLEZEOHMARY
FO—UDERE, TERARL] KBREIFTFOER
ZNIFHh. SHM6EED IODP 5 405 XMiE
JTRACK] #BEICHIRBIZKRZ DI ENTE
f=o ZEETELNTE-ME - BBREZME S
52 &IC&Y. AphREGHTELEZE L TH
RHERRORKILIZFEETE -2 LF. BE
LR EEZR DS

T, HFEROOFIAILZAADRIGIZDNT
FEET DA EELEN-=A. T - S EHE
RV PCR REDEEFIERE. BATIEEHORKE
WRIZE L= A#HET. ERICKSERTODE
BzEZITond@FHOBEFELHFEIOFTIM4L




A1 THSQE FEIEHRI ORITOHAAA Y SRy FEADERBE
EE5To1=, T, TELMERAD =, MMDER - EMET
SHOLLEEIMEEHNICEEZHE. FHR - ERXHBZTS
Fh. BF. WHOREERICET N BIHHAELDERKRBRES S
EEL., EEER T,
FEOOQOFTDANARVBEREEADORIEE LT, UTIEZEE
Lfzo STEEE. HEIOFT VAL ANERNEBLENY ZRE
BOZEDOD., MEHECHILERENTHAELGHHTH 12120,
HERMERII L T2 Aha &Y KEXREERTDHIELLIC,
FM - FMBREZAMUET 2L EDOREETo-. FHM2EEX.
AN 7RETHDA A, #ERMHESRICESEREBEZEL
o SALLOMEMEBBERICEHLE T, MRNIZETEIEREEDTF
sk & LT, FEM - SHE%E PR REDEBFIERUMAIZ TR
2E (FVWED) PRELE-SEEOHULFIEEFZERELz, 12
F£7 LUK, EAN 2,000 ALLEICSEAMET PCR B#EZERL. BT
DRAICBEFTEIRIEEZRARICBHSCZEICEM LTz, £z, §f2%F
EIZ T#LL] METHRAELE-/ O IIVRERAREEZZHT. B
EHIEFEEZMY T LD, HHET. MBPIOMABFEILKGLLE
Dt=H. METEHL/ 094 ILR 0-157 L EDHRBEREERZ A8
ELTz, SHMIFEIZE, SAUR., HIE IO T VAMILRAEEKRD
SWMKIZEY. MBFOMATRERVENREL., MBPLER
BLECEIND LI BN, REHEESFEVGREEITS> 2 LIS
&oT. REIEMETH LK. EMEMKET S ENTET .
HEAN 2,500 ALLLEIZEMAT PCR MEEZEHEL -, MATOREIEK
#ZH<CzH., SAETICEMMTMBEFT TLEMIZKSERTNDE
EZITondEHEEZz, oI, ZORKFIOT. 1 AETIC
ERMICHE IO F IS IV RABREEABREOEBEHEZTT Lz, 10
4FEECIE, EARH 2,000 AIZFEMAT PR HREZEEL. FEAIC
i 12 &4 (12 i) OFEMAIBGHERERICEY . MRNBRELKERR
IZBEC T ENTE -, REAMPICEATDMRATRERENAEREIND
BHNTHRELED. MEIBRELEMICKSERTOZEHER2IT
Bl EICkY., BUARIEETL., BREBKENMZASENTE
fzo SMSEEICIEHFEIOFT VAN RABREEDEZSLOMAE DT
MEFEICEREINTI-C &LITHEL., FEMAT PCR REDEILE EHIZE
MEE - MEEFZHRETL. T2UMEME B L 1=,
ZFOENMEREFXL) T« DRILICRETA2EMEE LT, HRA >
T RADORGICET AIHEEERLIZIEN. YA N—KREAD
HMLEMYFEH-IEEZ TAREI] O Safety Management System
(UT TSNSy £LVS5,) ~BMT 5EEDRNKEE Lz, HhHhET.
TERA] ITDWWTIE, AMEEZHGELTEREL. TOHRICE
DE, SMS DHKRETZE1To 1=,
IHHR]—148

ABRORBEEOLMEBH LT EDOEBHM X EKIC
KU, IREFHCXZEZST-TLLHEL, B2
EBHICESTELIELHEELRETHOT-.

InhIZ, ZU—FERORELY. MEEE
REOHRE. FEEZEMHEAFRICEMYMBO &
NTEF, I, MK 30 2825 TLAML
65001 IZDW\T., BIEHRETFEAETDRAIRT
BEIEDIRL, MEROEFFGARATL
5022 FETAFETERIFEAT, BEFHRZD
ZOMBOBABBOXRBEEFTS EN. AF
AARELHAEOREORHN ZTEMICERET
B EDXE EHGERIZT o=, TOHRELL
T. SM6EEICES 1,839 @DEMEERT
BIENTELILIE. BEITREFZETH-
1=,




MMCEAL T, BARET D S TILOMBHANCLEL IS Y
FEDEBFIZHIGELDD, REDHEREREBLIZ. DRFDOEMHE
BEZEH, AEIEOMMEBLEEICHMRETFRHBEERE L=, EH
IELE-REOEHFOMFIZH->TIE, HEEODE, #IBFIX +E
FMEL, BEXEYICEE LT,

SH2EEICHBONERRICHELMAEELE 71— FERIZDOWL
THERFZETV. TORREZHRFEZR. SM4E2 AICEEBRAERAR
B Ihnhg RUSUFy—E—9ILAKXD THhI I 5] OE
BA#EELE L=,

BERAETDEEILERUDIRIEDE=H, THhNZ 5] SUF¥—LR
ERIEICAT =R EED. SHUTEEICE—VILRUMLEEED
BEZEBELTz, TDR. [FHHFEAL] TORBREMZELRHER. =
ERICHBEOGWC L2FEL. fH2EEICHEMBEMAEL
fro Tf-. BLDZVNELEZEDDEDH. SHEEEICIE THULGD
W ZAVEREBREBMEEREL. SHN6EEMNSRMTOMEME
BB LT, CHhICKY., 2EOHEMTOERAMNAIREE LT,

TARN] X, DREMNGHEERICVDELLSEMIEXE. X
BRUBBEFRZEMNELT, SH3EIANL 8y AIZTRAKIR
BIEHEIEFZER L, EHE - REH - SEBAFEELLEDEE
HEBREOHE, BRENKELTOHEARFESRTL (SCR) O&
ARUHEFICILTTIRTOERAR - ) —FKkNaEe& 45 CTD
WHETr—JIL - I oFOBRHEZERL. ARBO=_—XIZEIZIF
LLIGZ DB EBBREEZEHE LT,

TEZTHI (F. SHM6ENID I ERDBEBHBEZLZIEL., B
REHANDEEFNZS-OICBEERINIBRE Ry VHRBIZE
OETEMERRIEZEE L=, MESBOREST VU DOFEA - 5
HOEEREDSIESE., ==, TLADML 6500) OERICKHELE
BINEBEZOHE. HEBEIRNBELEEER[FMH R T LOHRE
=EH L=,

S EERBFADBEEMEISE 1,840 EIZEL=, THRTE
[Z5ER LTz TLAMLY 6500) (XEEICHES 30 EEBATLEA,
NEIZBWTRIRECETEML., HHEEWMT 52 LN TREH
EMTHS, SERLFEBAEAEORABTERIE IR, £
BEem EOSERECRYBALE, SESEREEE (BREEE
B) OEBEHL— FORLYS, BRATIOTLEA TFz v I
BEDEELELH>TVWSEHBOBZIBRHELEICEWNT., BHEHD
GPS MRIEAZENL. EFOMEBLERVEHLEED =, Fi=. it
ERDEREFMm &L INIEFMEMEE 1,000 EIZEZEST S5 22
FEFTOHME. BHYEZ DX 2B OBRBRORBERVAF
FAREEE DT LEEHAEORBER~NDEHFLEZTEMNICE
TR, EMFTOA—H—Z LR EEDT-,
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ZTD=H, BEOFE - Hitte (1)
RO (O) IT&KYRARBSIhI-HEHifiviE
MEHEfIOoMEZERZ LIT&KY,. A7
— MEBERE - BACERZED D,
T, ERRROBEULE=F LI %
BLENENLGHBEEFEIZHEET
%,

faEsAS 30 FZEEA S BEANI TKITFhI [CDOVTIFH. FA.
MEEBEDEEILS. TEFEREOHREL EHEHREOURES
e Lz, £z, TEM - MRV EARZTHZZIET H-HIC. T&
T TEHENL TBRNL] OMBEOEEFHELZEHN. Y
FD)—0tFa)T40KEEHLET. KEESA V2 —3y FEKR
FHERmEmA~EA LT,

S5, LIBEAEM (A5 OFSN8E 11 ADFMICEH T
T. FYTS5—L—4F—SEMERRICDELHEE TH#50V b
THLWNWD ] ICBERT 5-HICRELGREPIEZITLN. SFI8E
BAIZ T#BLY DERZFELTISIRIAATHDS,

MR T, WEBWHELED NNA/N—FILT1 2] ITTERBELT
WEHE - 2REAEE S X T L (Dense Ocean floor Network
system for Earthquakes and Tsunamis, LLF TDONET] &ULVv5,) D
BE- -BEOLODT—TILHE. o YDOHRKE. RTEHE. #i:-
BRUANBASATLOBELREDEMEEIZDOLNT, FHEMIC
M5 TEHREIANLC, ERANGREZEH TS,

MBEFRREED— LIk Y., BEXEDO DX LEHET S0,
HEDHKBETIRAINATLS WP 2BAL., SM3EEMOHEEL
TUVRTLDARZTA XOHHNERERIT FL—=V T EEHET
BIREDFHEEIT o1z, S EEICIE. BMEICEHAT 2EHEEMR
ERVEMFE—ER (BRR) OERETIHEIZONT, EEHR
ZRIAL=ED. HRMEMN I 7AIVICTEERLTEEYVRI7ER
AUMCHETAEREAVATLLEICT—IEEETZSLSICHR
Lfzo ABMEICE > T, EMRELLDEFEBREE, EHEMED
EHEEEE. EMOEMFE—ERXR (RKR) RUVURITERAAY
MBS 2EHREAVSAVIZCT—REEIT LI ENTREELE -
o BIRIFMMUEBFEROLEBEDHZBEDECH, 5IEHmERY
ATLEFERTIBNOMRMENEELEOELLEREEERITL
T3,

SHAEELY ., MEDRAMLARKEZRHIZIBET I L LD
2. RELGFBRBEOUE - HUETIHE. MEEEDAVAZL
ANARABALEZFEHHMELT, TUF—V AV MF—ARALRU/NILRY
—RAZEALE, MEEVWSHKRLTZREOT B MEDKAET
NDHEHT ., HABR. BN, FJIL—THATOEHDRY LEFD
EREEZSHTL. BMERARUBRERZLENEBETESLSICT
BEE, AZaz=H4—2ay—ILD1D2ELTHREZBTLS,

EENS IO K YBYHBHRAERTHEOT. (52w 51 #H
LNM=FaE LTBNS fiiiE (2154 11 A6 NS 28 ) #EMEL. &8
BleoTdDHREICHR LIz, KEBICH--TIE. EEHIIV RV E&
INE LD DR ZEMERN LB LREEIY A FOBEPLZT A
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FPOFRIAEZEREL. AREBEHFLAAD LU TELNEAAEND
HRAATLODEERICHRIGT H1=6. a—I A~y FOREELEDHE
BUBFEIT o1z, T, EHRMOBEENZTFBANICHEYAATLZEY]
BRID2—Y27%T5G L, BEERFEEZERLIz, MBS, &
BOXREBHEAEEULEICHRETH -2 LICK-T, AAADOLEE
MTENRELEDN, T—P U REZBETEOREKREROMNICIT
W, PELYSHEBLK2EEZRET LI LN TSz, TDHE
B, BUWFELLMEEICMZ. BEHOD LTBMS OFREMNFEINTLY
AMMEICENT, SEDOEHIICHEZ-BRABTLHETITS LN
T&Et, YBAL HICOWTIE, §F5F 12 B 28 BA LSS
6FE1H 11 B THFEI] OMEIZE LT, DONET2 ~DIEH &5
TL., Shic&k-THEBHESREEHICEVLWTHELELIZD - Y
BUYDYTILEA LBRNREBEEINT-, BH. FSHM6eEEICIZAXR
MEFESBMARE (L BERHAANESRH X TLORFEIC
K BEBFZI)TILEA LBEMBEBSSADER) ZAMHRHAEIRME
EHIZRETBHENTEL,

TR 23 3 AICHEEL-RIMAKREE I HENERETHSH
KBEICEWTHAEETSI=H, T6Ew 51 AT, 9A6HA~
12 B 20 BIZ JTRACK % L=, AfEIL. BMIEFRADEIDE
BEREDORKREZEIL. HEOREOCYEDEE. HEARADRAHIEEB
BODIEHKEANEZ D2 EFHEBET I L ZBMIC, T 24 F£FE
iE L1z JFAST EAEEEICH L., RAIRB®RE. 27 HOR
B, EHRAREESFAATLOREEZRHE L=, XBOERIC
H=2TIE, AaFVIVIVARTL, BB VU Y—ILRUKE
AW ASRFT L (Under Water TV) G EDEEHBOERERLES
CRELFEITS EEBIC. BFnILIZ & > TRIGEEAEE T
ICHE-OTWAILZHFA., BEBRMKRZEY . TEHNDEMIC
FEFTo1z. TOHR. HBAHIRBREBICE WV TILEFRPIEH®
ERMELBBEY LI TET,906m ORFERIL., I7ERIZE
WTIEE2—4y rTHLIHBEHZSH-LBA FEATL—F) O
WHEYH O THERA (KEETL—F) OXREBIZESZ—EDE &
BRAT7H U TINERERT A ENTE-, ATERTIE. &0
51 ICKBEHRLEICEITAEHEATI VI REEHFL. a7 EIR
F[ZDWWTIE JFAST A ofi2EmLELfz, £f-. REAREEEA
DRFLDHFBIZHNTIL, JFAST SBIHDEBRERUVRKEIZSIT
512D HHREICKEILT=,

58 LTBMS fiiE R U JTRACK MEMEIZHT- o> TlE, XEFFEFF
il - M BRSBIARIHSEFRFEHRERICLS (5
DFFERZEEHIDOEY AIZONWT (BRE)I #HFEA T, SHMIEE
ICHIELETOS I PR A MREBIZEDE, TEORY D
1=, YRIADXEHZEZFTLEHETOD Y FHEEDEE S
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ChoDEMICE > THENTERE
RELDOD., EMAFARRELBEL.
ENTNOFEZERICHELGRELHE
DB BHERICED D,

THIC, TbEp S5 I2D20WTIE, B

ZH-LETHBEERE Lz, £, 7OP ) FHEZEICEDRY
AR R—=UPEBREIORRIZAST, MBOEBHRKRIEZRE
BLBEYUICHBETHIELELICHIEZRDDLGE, BELBRIEEIT
T=o $Z, STISEEICER L= LTBNS FBIEAETEZZITH45H
TR7Tadzy beERY, MBPICHESE (DAY R) OIXTA
HELEA, RRBOT. BULGRKREZRPLHNIITL., HRELT
FiHAZ5BR L TCEEEZREERT HEMNTE,
MEZRECHEDBETARELGLEOEDNEZZHEZ. BAD
FEFRCKEFROBEICEEST., ELOMMFTEEEEINE
HEAMEDFHERAEZHER - IEET 520, EOBEXEHMT
5 TEEREN] ITHEHREBY—ILZEATR, M5 EEHL
LR ZHBLI-, SHM6eEEL. EHOEMHEELDIZIY—ILDS
5, MEICEAALARELZEDICONTEHFEERLZTL., BEZINE
L=,

HEOOQFTIOAIINABRELKBIEZEME LT, SH2E4 80
L7AXRETOAMAR. BEB2RNORIENBEFXToz, Th
2k Y., 24 s (A 362 B) Hrhik - EHAE AL o 1=hY, HESFOE
ENFREZEUCMBHEZRRAICERET ZEIZES2T, 24 fBDS
5 21 fiiE (EEX 316 H) (X, AEERICIRVEBZATERLz, —&
DZEAMBETIE. NEARAEELRKBTELVEDOERHICKY S
SEEICRYBTIDEH =, 45y ABDORAEMPIMPIZ=E
BCTEENBEICOVWTIX, FEFEERNICERTHENTSE
1=,

SH2EEMND, HEMOEMIHERETARDOFIZ, BEE
DIELEFRETHH-EREZTV. SHMSEENIAKERZE
Fta L1z, BRFEDOELEDN. FEOMEEHW - HEREHEHOH
EEELGEDHEMAZINEL-L T, FATREMMOFTERS O
RBEICET5HEENT GAETEOMMOER. DELL LR
PRE, BEBRSE) ITOVWTEENBHRASZERELz, RBAS
TlE. MAEMOBEREZER VEMERSHENMEEREICR +1-5
REE - MERAOKZVELEEZTL., TORBUENFEREE
ADBEEEEZERTSH LT, RA—REMBEHELEICEHT1=
XEET oz, ChICKY. MBEHENFERICZLVHTYH, MBS
BEIREDLAERE THI[OCEEORENTREL LY. DEMLME
HEEREL. EMMOBBEKERRRERT S LNTE,
T, BMEASUHS L EHNICEAEZRCLEERBREZRS &
BT, MMOEMBROERCERRVIEEICHAT HERLEEE
BIGICERL., MOZEN DABLEMIZEDT-,

10DP DEFEZREAHADT. T5Ew 51 I0DP EAEZESR (Chikyu
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FEBRZEHIGIE (I0DP) Ao FRIZE
HICEY 2ERBRZEEZ. EERD
AR S LTHRELR [5Ew S5 10DP
ERZE% (CIB)] MBEZERITT, #
BAKRE L-RFRHGEICEDEER
5. MAT, EBEHFRMBMIZ@E T
EFEERVERKHDBEZED D,

Ftr. AEFAEREOEBLZEIHICE
T5=H. BERAETSI Y L IT+—LD
FAFEICHT 2HEMN - BN EXES
RETHELEEBIC, BEHNITETENRLDH
BRrRLtERY., MEINDLIT—2FD
MEEEORBOAELERS,

BARMICE. ARMRLEIZE T LHAER
BOME., EBEZEDHDELEDIC, BIR

I0DP Board, LAF TCIB) &ULV5,) IZT. FR 30 FEICERSINT:
I0DP %5 358 RMAEMEICEAT HIERITMRUVMEEZITDH L LD
2. SATEELURD (52w 5] OERICOVWTLHETHEZ
Zitt-, M4 EEIZ(X. JTRACK OEMICET IBMEEZIT. Ch
#HFEZT, SHM6EEIZ JIRACK AR L=, F1-. S5 EEIC
X, IDP M T OV S LTHSIERBERZEAEIGE

(International Ocean Drilling Programme, LKL TIODP°] & LY
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